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AN  AUTOMATIC  TIT-TAT-TO  MACHINE.* 


Frank  T.  Frbeland, 

University  of  Pennsylvania,  Class  of  1879, 


The  problem  of  designing  a  machine  which  would  play  one  of  the 
games  of  skill,  has  been  attempted  many  times.  Several  automata 
have  been  constructed  which  would  play  the  game  of  chess ;  but  it 
was  always  found  upon  investigation,  that  their  motions  were  con- 
trolled by  a  hidden  confederate.  The  infinite  number  of  variations 
in  chess  renders  the  construction  of  a  true  chess  automaton  impos- 
sible. Mr.  Babbage,  the  inventor  of  the  difference  engine,  in  his 
ninth  Bridgewater  treatise,  refers  to  the  possibility  of  constructing 
an  automaton  which  would  play  a  much  simpler  game,  that  of 
tit-tat-to.  A  gentleman  of  this  city  has  invented  and  made*  some 
drawings  of  such  an  automaton,  working  upon  the  principle  of  a 

*  University  of  Penna.,  Phila.,  November  9th,  1878, 
Dear  Sir: — I  hand  you   herewith,   description  and   drawings   of   the  automatic 
Tit-Tat-To  Player,  exhibited  at  your  last  meeting.     The  invention  displays  so  much 
mechanical  genius  that  it  cannot  but  prove  of  interest,  and  perhaps  of  service,  to  all 
mechanicians.  Respectfully, 

Wm.  D.  Marks. 
To  J.  B.  Knight,  Esq.,  Secretary  Franklin  Institute. 

Whole  No.  Vol.  CVH.— (Third  Series,  Vol.  Ixxvii.)  1 


Digitized  by 


Google 


2  Freeland —  Tit-  Tat-  To  Machine,       [jour.  Frank.  Inst., 

movable  Jacquard  loom  card.  The  machine  herein  described  works 
upon  an  entirely  different  principle,  that  of  a  mechanical  table,  which 
contains  all  the  possible  variations  of  the  game. 


The  game  of  tit-tat-to  is  played  by  two  persons.  A  double  cross 
is  drawn  upon  a  sheet  of  paper.  One  of  the  players  chooses  a  cross 
o  (X)  for  his  mark,  and  writes  it  in  one  of  the  spaces  1-9. 
-^  The  other  player  chooses  a  zero  (0),  and  writes  it  in  one 
—  of  the  remaining  spaces,  and  so  on  alternately.  The 
game  is  won  by  the  player  who  first  succeeds  in  getting 
three  of  his  marks  in  a  row.  If  the  spaces  are  all  filled  before 
either  player  gets  a  row,  the  game  is  drawn. 

The  following  is  an  exhaustive  analysis  of  the  game  of  tit-tat-to, 
for  a  machine  to  play  the   game,   under  the  conditions   that  the 
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machine  shall  always  play  the  best  move ;  and  that  when  the 
opponent,  daring  the  first  three  moves  of  each  game,  wishes  to  play 
one  of  two  or  four  symmetrical  moves,  he  shall  take  the  one  having 
the  lowest  number. 

THE  OPPONENT  BEGINS. 
[These  games  wiU  be  found  upon  the  Surface  of  the  Cylinder ,  lines  1 — 74  inclusive.] 


THE  MACHINE  BEGINS. 
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The  method  of  transforming  this  symbolic  table  into  a  mechanical 
one,  will  be  obtained  by  a  comparison  of  it  with  the  Surface  of  the 
Cylinder y  beginning  at  line  75.  There  are  one  hundred  and  fifty 
lines  upon  the  cylinder.  The  omitted  ones  may  be  obtained  from  the 
latter  part  of  the  above  table.  Our  Ist,  2d,  3d  and  4th  moves  in  any 
game  are  set  down  in  the  columns  T  I,  II,  III  and  IV.  Each  col- 
umn contains  nine  vertical  lines.  The  figure  1  is  represented  by  a 
pin  upon  the  first  line ;  2,  by  a  pin  upon  the  second  line,  etc.  The 
machine's  answering  moves  are  set  down  in  the  column  U,  upon  the 
same  horizontal  line  as  ours.  Whenever  its  move  gives  it  three  in  a 
row,  another  pin  is  put  upon  the  line  UO,  The  row  of  pins  Ux 
afiFords  a  hold  to  a  catch.  When  the  machine  begins,  its  first  move 
is  set  down  in  the  column  S. 

Description.— In  the  Lower  Plan^  the  cylinder  D  is  represented, 

its  surface  being  prepared  as  de- 
scribed above.  The  cord,  weight 
and  pulley  p,  give  it  a  tendency 
to  turn  toward  us.  In  front  of  it 
are  the  two  cross-beams  or  ways 
W  W.  On  them  the  carriage  / 
runs.  The  cord  P,  running  over 
a  pulley  to  a  weight,  gives  the 
carriage  a  tendency  to  move  to 
the  right.  The  carriage  has  a 
catch  (7,  which  engages  with  four 
pins  set  in  a  groove  in  one  of  the 
ways.  Whenever  the  catch  O  is 
pushed,  the  carriage  I  moves  a 
space  to  the  right,  equal  to  one 
column  of  the  table.  The  wire  0 
is  to  draw  it  back  to  its  first  posi- 
tion. On  the  carriage  are  nine 
sliders,  T 1-9,  When  they  move 
forward,  they  engage  with  the 
pins  upon  the  cylinder.  T 1,  2 
and  6  have  the  pins  Z 1,  2  and  5 
in  them,  which  project  below  the 
carriage. 
A  platform  is  secured  to  the  ways  at  the  left.     On  it  are  the 
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sliders  aS'  1,  2  and  5,  having  in  them  the  pins  Q  ly  2  and  5,  which 
project  below  the  platform.  Supported  on  a  bracket,  under  the 
platform,  are  the  flat,  horizontal  cams  T  Ij  2  and  5.  When  the 
carriage  is  in  its  first  position,  the  pins  Q  1,  2,  5  and  Z 1,  2,  5  engage 
with  these  cams.  They  are  of  such  a  shape,  that  when  the  slider  T 
1,  2  or  6  moves  backward,  the  pin  Z  1,  2  or  5  rubs  over  the  pointed 
end  of  the  cam  y  1,  2  or  6,  and  so  pushes  aS  1,  2  or  5  forward. 

At  the  right  is  secured  to  the  ways  a  platform,  on  which  are  the 
sliders  Ux,  1-9,  0.     The  slider  Ux,  by  engaging  with  the  row  of 

UPPER  PLAN, 


pins  ?7x,  locks  the  cylinder.  U 1-9  discover  the  answering  move. 
UO  determines  the  striking  of  the  bell.  These  sliders  are  set  at  a 
higher  level  than  the  others,  so  that  when  they  move  forward,  they 
impinge  upon  the  pins,  instead  of  going  under  them,  JS"  is  a  hori- 
zontal lever,  pivoted  at  its  centre.  *S  1,  2,  5  and  Ux  have  in  their 
ends  bent  wires,  if  and  N,  so  that  when  aS'  1,  2  or  5  moves  forward, 
K  pulls  U^  backward.     J  is  a  vertical  leaf,  pivoted  at  its  lower 
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corners,  and  connected  by  a  double  bell-crank  with  the  lever  H 1,  as 
shown  in  Section  S.  When  JJ 1  is  pushed  forward,  J  draws  out  the 
catch  Vx  and  the  sliders  aS  1,  2  and  5.  G^  is  a  vertical  leaf,  pivoted 
at  its  lower  corners.  When  it  moves  toward  the  cylinder,  it  releases 
the  carriage  by  striking  the  catch  C.  G  has  secured  to  it  an  arm 
with  a  pin  in  it,  as  shown  at  F,  Section  U. 


SECTION    T. 


SECTION   U 


V"-^^^^ 


Tati 
In  the  Upper  Plan,  is  shown  a  portion  of  the  board.  It  has  nine 
openings  in  it.  Under  them  move  the  arcs  A  1-9.  There  is  a  cross 
(X)  on  one  end  of  each,  and  a  zero  (0)  on  the  other.  These  arcs 
are  secured  to  the  vertical  leaves  L  1-9,  which  are  pivoted  at  their 
upper  corners.  By  long  wire  teeth  they  gear  into  the  sliders  T  1-9 
in  such  a  way,  that  they  do  not  get  out  of  gear  when  the  carriage 
moves  to  the  right  or  left.     See  the  Elevation  and  Section  T. 

In  Section  Z7,  the  levers  H  2  and  ab  are  represented.     They  are 
pivoted  on  each  side  of  the  platform  at  (,  and  firmly  united  by  a 
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<sross-piece  under  the  platform.  On  the  lower  end  of  ah  is  fastened 
an  inclined  plate  V.  When  the  lever  H  2  moves  backward,  the 
plate  V  lifts  the  arm  of  G  by  the  pin  on  it,  and  so  releases  the 
carriage.  From  ab  to  S  2  at  the  point  a  runs  a  stout  wire.  On 
it  are  strung  the  vertical  levers  Xx^  1-9,  0.  Their  upper  ends  are 
held  back  against  the  plate  F,  which  serves  as  a  fulcrum,  by  the 
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TT 
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springs  as  shown.  Their  lower  ends  are  geared  into  the  sliders  Uxj 
1-9,  0.  When  IT  2,  containing  the  point  a,  moves  forward,  the 
levers  Xxj  1-9,  0  move  forward,  their  upper  ends  being  their  ful- 
crums,  pushing  the  sliders  ETir,  1-9,  0  forward.  If  one  of  these 
impinges  on  a  pin,  it  stops,  and  becomes  the  fulcrum  of  the  X  belong- 
ing to  it.  Then  the  upper  end  of  that  X  goes  forward,  elongating 
the  spring.  The  slider  Ux  has  a  slot  at  its  point  of  gearing,  so  that 
when  it  is  carried  forward  it  is  left  there.     When  the  upper  ends  of 
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X  1-9  move  forward,  they  strike  the  rods  M  1-9,  which  are  hooked 
to  the  vertical  leaves  B  1-9,  pivoted  at  their  lower  corners.  These 
are  connected  by  the  wire  links  U  1-9  with  the  arcs.  When  the 
upper  end  of  XO  goes  forward,  it  causes  a  bell  to  strike. 


Operation. — The  machine  is  wound  up  by  setting  all  the  arcs  at 
their  middle  position,  so  that  neither  mark  appears ;  then  push  H 1 
and  wind  up  the  cylinder  by  a  key  at  the  left ;  push  ff  2  and  it  is 
locked ;  and  lastly  draw  the  carriage  into  its  first  position. 

We  make  our  move  by  putting  an  instrument  like  an  awl  into  one 
of  the  holes  of  the  arcs,  and  so  moving  it  that  the  cross  appears. 
Suppose  we  move  2,  then  slider  T  2  goes  forward.  Release  the  cyl- 
inder from  the  catch  by  pushing  H  1.  The  cylinder  turns  until  the 
pin  at  T  I  2,  line  22,  strikes  the  slider.     On  pushing  R  2  forward, 
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the  pin  at  U  5  will  stop  the  slider  U  5,  and  X  5  will  push  R  5  and 
B  5  forward.  Then  the  wire  E  5  from  B  b  to  A  b  will  so  move  the 
arc  that  the  zero  (0)  will  appear  at  the  opening  5.  At  the  same 
time  the  slider  Ux  will  move  forward  and  lock 
the  cylinder.  When  jH"2  comes  back,  the  car- 
riage will  move  into  position  II,  opposite  the 
column  T  11.  Suppose  we  then  move  1,  the 
cylinder  will  stop  at  line  23,  and  the  machine 
moves  3,  the  carriage  taking  position  III.  If 
we  now  move  7,  the  cylinder  will  stop  at  line 
24,  the  machine  moves  4,  and  the  carriage 
takes  position  IV.  If  we  move  6,  the  cylinder 
stops  at  line  25,  and  the  machine  moves  8.  [If 
we  had  moved  8  or  9,  the  cylinder  would  have 
stopped  at  line  26,  the  machine  would  have 
moved  6  and  won.  The  pin  on  ?70  causing  the  bell  to  strike.]  Finally 
we  move  9,  and  the  game  is  drawn.  The  machine  is  then  wound  up. 
If  we  wish  the  machine  to  begin,  we  move  one  of  the  arcs  so  that 
the  zero  appears.  Suppose  that  we  so  move  1.  The  slider  T\  \& 
moved  backward,  hence  /9  1  is  pushed  forward  by  Y  1,  and  K  pulls 
the  catch  from  the  cylinder,  which  turns  until  the  pin  at  S 1,  line  75, 
strikes  the  slider  S 1.  Then  we  make  our  move,  suppose  it  to  be  2. 
On  touching  H 1,  the  cylinder  remains  at  line  75,  and  on  pushing  H  2, 
the  machine  moves  5,  the  carriage  taking 
position  II.  Now,  if  we  move  9,  the  cylinder 
stops  at  line  76,  and  the  machine  moves  7,  the 
carriage  taking  position  III.  If  we  then  move 
4,  the  cylinder  stops  at  line  77,  the  machine 
moves  3  and  wins,  the  bell  proclaiming  the 
fact ;  but,  if  we  move  3,  6  or  8,  the  cylinder 
stops  at  line  79,  the  machine  moves  4.  So  it 
wins  in  either  case. 

-This  machine,  the  first  one  ever  constructed,  was  built  in  the 
summer  of  1878,  and  exhibited  at  the  Franklin  Institute,  October 
16,  1878.  It  is  now  at  the  University  of  Pennsylvania,  where,  since 
its  final  adjustment,  it  has  played  a  large  number  of  games  without 
losing  a  single  one. 

Philadelphia,  November  8M,  1878. 
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DOES  THE  WEARING  POWER  OF  STEEL  RAILS  INCREASE 
WITH  THE  HARDNESS  OF  THE  STEEL?* 


By  Chas.  B.  Dudley,  Ph.  D., 

Chemist,  Pennsylvania  R.  R.  Co.,  Altoona,  Pa. 


While  working,  during  the  summer  of  1877,  upon  the  "  Chemical 
Composition  and  Physical  Properties  of  Steel  Rails,"  the  results  of 
which  are  given  in  my  report!  with  this  title,  I  was  struck  with  the 
surprising  wear  which  some  of  the  rails,  which  would  ordinarily  be 
called  soft  rails,  had  endured.  At  that  time  I  knew  of  no  chemical 
measure  of  softness  except  low  carbon,  and  I  found  that  a  number 
of  rails  with  low  carbon  had  endured  as  high  or  higher  tonnage,  with 
apparently  as  little  loss  of  metal  by  wear,  as  those  with  higher 
carbon.  My  own  work  on  steel  rails  that  summer  did  not  embrace 
any  definite  experiments  as  to  the  amount  of  metal  worn  off  the  rail 
per  million  tons  which  had  passed  over  it ;  and  so  I  could  get  no 
more  definite  answer  from  that  work,  to  the  question  at  the  head  of 
this  paper,  than  was  given  by  comparing  the  appearance  of  the  worn 
section  of  the  rail  with  its  tonnage.  This  comparison,  however, 
served  to  arouse  in  my  mind  the  query,  whether  the  commonly 
received  opinion  as  to  the  relation  between  the  hardness  and  wearing 
power  of  steel,  is  correct,  as  applied  to  steel  rails.  This  opinion,  if 
I  am  right,  is :  the  harder  the  steel,  the  better  will  be  the  wear,  and 
the  limit  of  hardness  is  simply  one  of  safety  ;  hard,  brittle  steel  being, 
of  course,  more  liable  to  break  than  soft,  tough  steel.  The  query, 
although  aroused,  did  not  bear  any  immediate  fruit,  and,  as  will  be 
evident  to  any  one  reading  it,  the  report  above  referred  to  was 
written  with  the  commonly  received  opinion  in  mind.  Since  that 
time  I  have  collected  a  little  information  upon  this  subject,  which  I 
should  be  glad  to  submit  to  the  Institute,  if  for  no  other  purpose,  for 
the  sake  of  arousing  attention,  and  directing  study  to  the  question  of 
hardness  versus  wear  in  steel  rails. 

Before  making  known  the  information,  however,  permit  me  a  few 
words  in  reference  to  hardness.  How  shall  we  measure  the  hardness 
of  steel  ?     Of  the  various  ways  of  getting  indications  as  to  the  hard- 


*  A  paper  read  before  the  Institute  of  Mining  Engineers,  October  15th,  1878. 
jf  See  vol.  cvi,  page  361. 
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ness  of  steel,  which  are  known,  three  will  serve  our  present  purpose. 
These  are :  Ist.  High  carbon.  It  is  generally  agreed,  I  think,  that 
at  least  within  proper  limits,  the  greater  the  amount  of  combined 
carbon  in  a  piece  of  steel,  the  harder  the  steel,  and  I  need  not  do 
more  than  mention  this  fact  to  obtain  your  assent  to  it.  2d.  The 
physical  test  of  punching,  measures  the  hardness  of  steel.  Data  in 
regard  to  the  wearing  power  of  hard  and  soft  rails,  determined  in 
this  way,  will  be  given  below.  3d.  The  sum  of  the  phosphorus  units 
in  a  piece  of  steel  measures  its  hardness.  Phosphorus  units,  as  is 
fully  described  in  my  report  above  referred  to,  are  an  attempt  to 
measure  the  hardness  of  steel  by  estimating  the  combined  hardening 
power  of  the  phosphorus,  silicon,  carbon  and  manganese  in  a  piece  of 
steel,  in  terras  of  the  phosphorus.  Now,  by  measuring  hardness  in 
these  three  ways,  I  have  been  able  to  collect  the  following  information 
with  regard  to  the  relation  between  the  hardness  and  wearing  power 
of  steel  rails. 

1.  Some  two  years  ago  the  Penna.  R.  R.  Co.,  in  view  of  the 
unsatisfactory  wear  it  was  obtaining  from  its  steel  rails,  asked  to 
have  more  carbon  put  into  its  rails,  with  a  view  of  making  them 
harder,  to  resist  wear.  Before  the  increase,  the  limits  of  carbon  for 
rails  to  be  used  on  Penna.  R.  R.,  was  from  0-30  to  0'50  per  cent. 
After  the  increase,  the  limits  were  from  0*40  to  0-50  per  cent.,  thus 
securing  on  the  average  perhaps,  about  a  tenth  of  a  per  cent,  more 
carbon  in  the  steel.  Now,  Mr.  W.  H.  Brown,  Chief  Engineer,  Main- 
tenance of  Way,  Penna.  R.  R.,  informs  me  that  these  rails  of  higher 
carbon  are  giving  poorer  wear  than  before  the  lower  limit  of  carbon 
was  raised.  This  opinion  of  Mr.  Brown  is  based  on  his  observation 
of  the  wear  of  these  higher  carbon  rails,  and  on  the  number  of 
renewals  of  these  rails,  rendered  necessary  by  the  condition  of  the 
track. 

2.  Mr.  J.  T.  Smith,  General  Manager  of  the  Barrow  Haematite 
Steel  Works,  England,  read  a  paper  on  "Bessemer  Steel  Rails,"  before 
the  Institution  of  Civil  Engineers,  in  1875.*  The  object  of  the 
paper  was  to  show  that  Bessemer  steel  may  be  produced  constant  in 
quality,  and  that  certain  inexpensive  tests  may  be  applied,  which 
shall  determine  the  quality  of  the  metal  for  railway  purposes.  The 
test  proposed  by  Mr.  Smith  was  to  punch  the  fish-plate  holes  with  a 
registering-press,  the  quality  of  the  metal  being  judged  of  by  the 

*  Proceedings  Inst.  Civil  Eng.,  vol.  xlii,  p.  69. 
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force  required  to  punch  the  holes.  This  would  render  it  possible  to 
inspect  and  judge  of  the  quality  of  every  single  rail.  I  must  refer 
you  to  Mr.  Smith's  paper  for  further  information  upon  this  point. 

The  point  which  is  of  especial  interest  to  us  now  is  that  Mr. 
Smith  examined  thirty  rails  which  had  been  eight  years  in  service 
on  the  main  line  of  the  Furness  Railway.  The  rails  were  divided 
into  two  classes,  on  the  basis  of  the  force  required  to  punch  a  hole 
J  of  an  inch  in  diameter,  through  the  web  f  of  an  inch  thick. 
Twenty  of  the  rails  required  for  this  purpose  a  force  varying  from 
46 J  tons  to  52 J  tons,  and  were  therefore  called  soft  rails ;  while  the 
remaining  ten  rails  required  for  the  same  purpose  a  force  varying 
from  56f  tons  to  82^  tons,  and  were  therefore  called  hard  rails. 
The  average  force  required  to  punch  the  soft  rails  was  about  49  tons, 
while  for  the  hard  rails  this  average  force  was  about  64f  tons.  Mr. 
Smith  likewise  gives  the  determinations  of  the  carbon  in  these  rails. 
In  the  twenty  soft  rails  the  carbon  varied  from  0*28  to  0*32  per 
cent.,  or  an  average  of  0*30  per  cent.,  while  in  the  hard  rails  the 
carbon  varied  from  0'36  to  0-57  per  cent.,  with  an  average  of  0*44 
per  cent.  Now  as  to  the  wear  of  these  rails.  The  'wear  seeijois  to 
have  been  determined  by  taking  the  difference  between  the  original 
weight  of  the  rail  per  yard,  and  the  weight  per  yard  of  the  worn 
rail,  and  then  reducing  this  to  the  percentage  of  the  metal  worn  off. 
Now  in  the  twenty  soft  rails,  this  percentage  of  wear  varied  from 
10-38  to  16-24  per  cent.,  with  an  average  wear  of  13-54  per  cent., 
while  in  the  ten  hard  rails  the  percentage  of  wear  varied  from  12  to 
20*53  per  cent.,  with  an  average  of  1518  per  cent.  These  figures 
seem  to  me  very  significant,  and  to  warrant  Mr.  Smith  in  the  con- 
clusion which  he  expresses,  viz. :  "  Contrary  to  what  might  have  been 
anticipated,  greater  hardness  has  not  conduced  to  the  longevity  of 
the  rails,  and  the  softer  ones  show  the  minimum  of  wear.** 

3.  With  regard  to  the  wear  of  rails,  in  which  the  hardness  is 
measured  in  phosphorus  units.  On  May  23d,  1876,  Mr.  R.  Price 
Williams  read  a  paper  before  the  Institution  of  Civil  Engineers,  on 
"  The  Permanent  Way  of  Railways.**  *  In  his  investigation  into  the 
subject  of  steel  rails,  Mr.  Williams  found  such  a  surprising  difference 
in  the  wear  of  certain  rails*  which  were  side  by  side,  and  therefore 
subjected  to  the  same  traffic,  that  he  had  seven  of  these  rails  from 
the  Great  Northern  Railway  analyzed  by  Mr.  Edward  Riley.     The 

*  Proceedings  Inst.  Civil  Eng.,  vol.  xlvi,  p.  147. 
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results  as  to  wear  are  given  in  number  of  million  tons  traffic  per  ^ 
inch  worn  off  the  rail.  Four  of  these  seven  rails,  measured  in  phos- 
phorus units,  sum  up  31,  30,  32  and  25,  and  may,  therefore,  be 
called,  in  comparison  with  the  others,  soft  rails.  The  remaining 
three  rails  sum  up,  in  phosphorus  units,  38,  40  and  47,  and  may  be 
called  hard  rails.  The  rails  are  numbered,  in  Mr.  Williams*  series, 
Nos.  9,  17,  18,  21,  22,  23  and  24.  Nos.  17  and  18  were  side  by 
side,  and  subjected  to  the  same  traffic.  The  phosphorus  units  in  No. 
17  are  38,  and  in  No.  18,  30,  one  hard  and  one  soft,  as  is  seen.  The 
hard  rail  withstood  5,251,000  tons  per  ^^  inch  wear,  while  the  soft 
one  withstood  8,402,000  tons  per  -^  inch  wear.  Again,  Nos.  23 
and  24  were  side  by  side.  The  phosphorus  units  in  No.  23  were  47, 
and  in  No.  24,  25,  one  hard  and  one  soft,  as  before.  The  hard  rail 
withstood  15,531,000  tons  per  -^-^  inch  wear,  while  the  soft  rail  with- 
stood 31,061,000  tons  per  ^^  inch  wear.  In  Nos.  21  and  22,  which 
were  side  by  side,  the  hard  rail  shows  a  little  the  best  wear,  the 
figures  being  9,283,000  tons  per  -^  inch  wear,  for  the  hard  rail,  and 
7,676,000  tons  per  -^  inch  wear  for  the  soft  rail.  If  now  we  take 
the  average  of  .the  tonnage  per  -^  inch  wear  for  the  three  hard  rails 
and  the  four  soft  ones,  the  result  becomes  quite  striking.  The  four 
soft  rails  withstood  an  average  tonnage  of  15,567,000  tons  per  ^ 
inch  wear,  while  the  three  hard  rails  withstood,  on  the  average,  only 
10,055,000  tons  per  ^^g-  inch  of  the  metal  worn  off.  The  chemical 
composition  of  the  one  rail  of  this  series,  which  withstood  the  highest 
tonnage,  viz.,  31,061,000  tons  per  -^  inch  wear,  is  so  remarkable 
that  I  cannot  forbear  quoting  the  full  analysis.  This  rail  sums  up 
25  in  phosphorus  units,  and  contains :  carbon,  0*270  per  cent. ; 
phosphorus,  0*100  per  cent. ;  silicon,  0*020  per  cent. ;  manganese, 
0*259  per  cent.;  sulphur,  0*051  per  cent.;  copper,  0025  per  cent.; 
and  iron,  99*475  per  cent. 

If  enough  has  been  said  upon  this  subject  to  direct  attention  to  it, 
my  object  will  have  been  accomplished.  It  is  perhaps  too  soon  to 
venture  conclusions.  The  indications  would  seem  to  be,  however, 
that  under  the  conditions  of  wear  to  which  a  steel  rail  is  subjected, 
viz.,  rolling  friction,  unlubricated  surfaces,  and  great  weight  with 
small  bearing  surface,  the  quality  of  the  metal  necessary  to  most 
successfully  withstand  the  disintegrating  forces,  is  best  expressed  by 
the  word  toughness,  and  not  by  hardness. 

Altoona,  Pa.,  Oct  12th,  1878. 
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WATER-TUBE  AND  FIRE-TUBE  BOILERS. 


An  Atcount  of  the  Experiments  made  by  Chief  Engineers  Loring  and  Baker ^  IL  S.  Navy, 
on  a  Horizontal  Fire-Tube  and  a  Vertical  Water- Tube  Boiler ,  at  the  Washington  Navy 
Yard,  to  ascertain  their  relative  Economic  Vaporizations  with  different  kinds  of  Coal. 


By  Chief  Engineer  Isherwood,  U.  S.  Navy. 

At  the  time  the  compound  engine  was  introduced  into  the  Navy  of 
the  United  States,  several  modifications  were  attempted  of  the  ordi- 
nary cylindrical  boiler  habitually  employed  with  it.  These  modifica- 
tions were  made  for  the  purpose  of  obtaining  either  better  economic 
vaporizations,  or  of  placing  the  grate  and  heating  surfaces  in  a  less 
breadth  of  shell ;  and  among  them  was  an  arrangement,  in  a  cylin- 
drical shell,  of  vertical  water- tubes  immediately  over  the  furnaces,  in 
exactly  the  position  occupied  by  the  horizontal  fire-tubes  of  the 
ordinary  boiler. 

This  system  of  vertical  water-tubes  which  had  been  introduced 
with  rectangular  shells  into  the  steamers  of  the  United  States  Navy 
some  eight  years  before  the  writer  became  Chief  of  the  Bureau  of 
Steam  Engineering  in  the  Navy  Department,  was  continued  by  him 
after  careful  experiments  had  proven  that,  with  such  proportions  as 
were  practicable  for  marine  boilers,  the  vertical  water-tube  gave  the 
best  economic  vaporization ;  in  other  words,  a  pound  of  coal  burned 
in  the  vertical  water-tube  boiler  vaporized  more  pounds  of  water  than 
when  burned  at  the  same  rate  in  a  horizontal  fire-tube  boiler  having 
the  same  proportions. 

The  vertical  water-tube  boiler  which  was  originally  invented  by  the 
Earl  of  Dundonald,  had  been  perfected  in  its  constructive  details  by 
Chief  Engineer  Daniel  B.  Martin,  of  the  United  States  Navy,  and 
was  known  in  America  as  the  ''Martin  Boiler.'*  It  was,  with  the 
exception  of  a  few  merchant  steamers,  used  exclusively  in  the  Navy, 
where  it  always  gave  the  greatest  satisfaction ;  but  in  Great  Britain 
it  never  obtained  the  like  success.  The  large  steam-engine  building 
firms,  both  there  and  in  America,  opposed  its  use,  though  certainly 
without  regard  to  its  engineering  merits.  These  firms  take  contracts 
for  a  round  sum  to  produce  either  a  stipulated  horse-power,  or  a 
stipulated  speed  of  vessel  over  a  measured  mile,  independent  of  the 
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weight  of  coal  consomed ;  and  as  the  vertical  water- tube  boiler  is 
much  heavier,  more  bulky  and  more  costly  for  equal  maximum  weights 
of  steam  supplied  per  hour,  and  as  they  pay  for  the  construction  of  the 
boiler,  and  not  for  the  coal  it  consumes,  they  naturally  prefer  the 
cheapest  type. 

The  vertical  water-tube  boiler  obtains  a  greater  economic  result 
from  the  coal,  solely  by  virtue  of  the  superior  arrangement  of  its 
tubes  for  heat  absorption ;  the  furnace  and  smoke- connections  being 
the  same  as  in  the  ordinary  type,  and  the  position  of  the  tubes  rela- 
tively to  them  being  also  the  same,  whatever  difference  may  be  found 
in  the  economic  result,  must  be  entirely  due  to  the  tubes.  In  other 
words,  of  a  given  quantity  of  heat  of  given  intensity  thrown  upon 
equal  tube-surface  in  the  two  types  of  boiler  in  equal  time,  the  ver- 
tical water- tubes  will  absorb  more  than  the  horizontal  fire- tubes ; 
and,  as  a  necessary  consequence,  the  gases  of  combustion  will  enter 
the  chimney  at  a  lower  temperature  and  produce  a  less  draught.  One 
reason  why  the  vertical  water-tubes  are  more  absorbent  of  heat  than 
the  horizontal  fire- tubes,  is  that  the  former  stands  across  or  at  right 
angles  to  the  current  of  the  gases  of  combustion,  thereby  continually 
breaking  .it  up  and  commingling  its  constituents,  each  row  of  tubes 
being  as  a  consequence  impinged  on  by  freshly  mixed  gases  as  they 
proceed  from  the  back  smoke-connection  to  the  uptake ;  while  the 
horizontal  fire-tubes,  lying  in  the  direction  of  this  current,  have  no  such 
mechanical  action  upon  it,  the  particles  of  the  hot  gases  entering  at 
the  smoke-connection  end  of  a  horizontal  fire-tube  retain  their  rela- 
tive positions  until  they  emerge  from  its  uptake  end,  so  that  the  same 
particles  are  in  contact  with  the  tube-surface  from  one  end  to  the 
other  during  the  second  or  two  of  their  passage.  Thus,  the  core,  or 
central  mass  of  the  gases  in  each  tube,  may  have  at  its  exit  a  much 
higher  temperature  than  its  surrounding  film  in  contact  with  the  tube- 
surface  ;  while,  in  the  vertical  water-tube  boiler,  the  mass  of  hori- 
zontally moving  gases  emerging  into  the  uptake  must  have  a  nearly 
uniform  temperature  due  to  their  thorough  mixture  by  beating  against 
and  eddying  around  the  vertical  tubes  which  obstruct  their  progress. 
It  is  highly  probable,  too,  that  the  intimate  intermingling  of  the 
gaseous  current  from  the  furnaces,  effected  by  this  mechanical  action 
of  the  vertical  water- tubes,  causes  the  combustion  of  a  portion  of  its 
constituents  which  might  otherwise  escape  combination.  Of  course, 
the  obstruction  opposed  by  the  vertical  water-tubes  to  the  current  of 
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the  gases  of  combustion,  mechanically  lessens  the  draught  of  the 
chimney  in  addition  to  the  lessening  that  results  from  the  lower  tem- 
perature of  those  gases  comparatively  with  that  of  the  gases  entering 
the  chimney  from  the  horizontal  fire-tube  boiler ;  so  that  the  vertical 
water-tube  boiler  has  a  less  draught  than  the  horizontal  fire-tube 
boiler,  both  by  the  amounts  due  to  the  lessened  temperature  of  the 
current  of  gases  of  combustion  entering  the  chimney  and  due  to  the 
mechanical  obstruction  opposed  to  that  current  by  the  tubes  as  a 
consequence  of  their  position.  Hence,  other  things  equal,  the  maxi- 
mum rate  of  combustion  in  a  vertical  water-tube  boiler  is  less  than 
in  a  horizontal  fire-tube  boiler,  and  a  greater  quantity  of  the  former 
is  required  to  supply  at  the  maximum  the  same  quantity  of  steam  in 
equal  time  as  the  latter,  notwithstanding  the  greater  vaporization 
per  pound  of  coal  consumed  in  the  former.  The  greater  economic 
eflSciency  of  the  vertical  water-tube  boiler  and  its  less  potential  effi- 
ciency, are  thus  inseparably  joined  as  cause  and  eflFect  when  the 
draught  is  controlled  by  the  chimney  alone ;  but  when  mechanical 
means  are  employed  to  produce  the  draught,  as  a  fan-blower  for 
example,  then,  both  in  economic  and  potential  efficiency  is  the  ver- 
tical water-tube  boiler  superior  to  its  rival. 

In  general,  as  the  result  of  his  very  extended  and  carefully  con- 
ducted experiments,  the  writer  found  that,  other  things  equal,  the 
rate  of  combustion  at  the  maximum  by  the  chimney  alone  in  the  case 
of  the  horizontal  fire-tube  boiler,  was  50  per  centum  greater  than  in 
the  case  of  the  vertical  water-tube  boiler ;  but,  that  the  economic 
vaporization  at  those  relative  rates  was  25  per  centum  less  than  in 
the^  latter.  Hence,  for  equal  quantities  of  boiler,  the  horizontal  fire- 
tube  produced  in  equal  time,  at  the  maximum  25  per  centum,  more 
steam  than  the  vertical  water-tube,  but  at  an  expense  of  25  per 
centum  more  coal  per  pound  weight  of  steam.  In  this  fact  will  be 
found  the  principal  reason  of  the  little  use  by  contractors  for  steam 
machinery  of  the  vertical  water-tube  boiler ;  and  their  practice  may, 
in  measure,  be  defended  for  steamers  making  short  voyages,  but  just 
in  proportion  as  the  voyages  lengthen  does  that  practice  cease  to  be 
judicious.  The  engineer  has  to  look  upon  the  boiler  and  the  coal  to 
be  carried  as  a  whole,  with  a  proportion  between  them  variable 
according  to  circumstances.  He  has  to  consider  that  a  certain  space 
and  displacement  are  allotted  in  the  vessel  to  the  two  combined,  and 
it  is  a  test  of  his  skill  to  so  proportion  them  to  each  other,  for  the 


Digitized  by 


Google 


Jan.,  1879.]  Ishcrwood — Boilers.  17 

different  types,  as  to  obtain  from  them  the  greatest  number  of  miles 
steaming.  The  greater  the  economic  eflSciency  of  a  certain  type  of 
boiler,  though  accompanied  by  a  less  potential  efficiency,  the  more  of 
it  and  the  less  of  coal  can  be  properly  placed  in  the  vessel  to  steam 
a  given  distance  at  a  given  speed ;  and  the  less  the  economic  effi- 
ciency of  a  certain  type  of  boiler,  though  accompanied  by  a  greater 
potential  efficiency,  the  less  of  it  and  the  more  of  coal  can  be 
properly  placed  in  the  vessel  to  steam  the  given  distance  at  the 
given  speed.  The  best  type  of  boiler  to  be  adopted,  is  the  one  which 
enables  the  vessel,  with  a  given  space  and  displacement  assigned  to 
boiler  and  coal,  to  make  the  given  distance  at  the  given  speed,  with 
the  least  coal.  Hence,  for  naval  steamers  making  long  voyages,  the 
vertical  water-tube  boiler  gives  better  results  than  the  horizontal  fire- 
tube  boiler,  and  better  just  in  proportion  to  the  number  of  days  the 
vessel  is  required  to  be  able  to  steam  at  the  given  maximum  speed. 
Such  were  the  considerations  which  led  the  writer  to  prefer  the  ver- 
tical water-tube  boiler  to  the  horizontal  fire-tube  boiler  for  the 
steamers  of  the  United  States  Navy,  and  he  believes  their  soundness 
will  bear  the  closest  scrutiny.  The  boilers  he  designed  had  rectangu- 
lar shells,  and  were  braced  for  a  working  pressure  of  40  pounds  per 
square  inch,  above  the  atmosphere ;  they  allowed  about  50  per  centum 
more  grate  and  heating  surfaces  to  be  placed  in  a  given  space  than 
the  cylindrical  boilers  carrying  a  pressure  of  70  pounds ;  and  it  is 
very  doubtful  if  any  economic  gain  possible  from  the  latter  pressure 
can  compensate  the  enormous  increase  of  space  required,  especially 
when  the  value  of  space  in  a  naval  vessel  is  considered. 

Compared  with  the  horizontal  fire-tube  boiler,  the  vertical  water- 
tube  boiler,  when  steaming  at  the  maximum  over  a  given  distance 
in  a  given  time,  is  25  per  centum  heavier,  more  bulky  and  costly ; 
but  it  requires  25  per  centum  less  weight  of  coal  carried  in  the 
bunker.  In  weight  and  bulk,  this  less  weight  of  coal  offsets  in 
measure  the  greater  weight  and  bulk  of  the  boiler,  and  if  the  time 
of  steaming  extends  to  eight  or  ten  days,  much  more  than  offsets 
them,  while  the  much  greater  cost  during  a  year's  steaming  of  the 
25  per  centum  additional  coal  with  the  horizontal  fire-tube  boiler, 
more  than  offsets  the  difference  of  cost  between  it  and  the  vertical 
water-tube  boiler. 

The  circulation  of  the  water  and  the  extrication  of  the  steam  over 
the  entire  tube-surface,  are  much  more  rapid  with  the  vertical  water- 
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tube  than  with  the  horizontal  fire-tube  boiler ;  and,  from  these  causes, 
the  unit  of  surface  in  the  former  is  much  more  efficient  as  a  steam- 
producer,  than  the  unit  of  surface  in  the  latter. 

All  the  water  vaporized  by  the  vertical  water-tubes,  is  supplied  to 
them  from  the  space  between  the  crown  of  the  furnace  and  the  lower 
tube-plate,  and,  in  ascending,  is  not  obstructed  by  any  mechanical 
impediments,  but,  being  guided  by  the  vertical  tubes  themselves^ 
takes  the  shortest  path,  and  rises  with  the  maximum  velocity  due  to 
the  conditions  of  temperature  and  height  of  column,  passing  with 
this  velocity  over  the  entire  surf  ace  of  the  tubes.  Hence,  in  a  given 
time,  the  greatest  possible  number  of  particles  of  water  would  be 
brought  in  contact  with  a  given  tube-surface,  and  the  bubbles  of 
steam  formed  on  that  surface  would  be  swept  off  by  that  rapid  cir- 
culation, with  corresponding  speed.  These  advantages  accrue  to  the 
vertical  water-tube  by  reason  of  the  parallelism  of  the  tube  with  the 
ascending  column  of  water,  and  by  reason  of  the  tube  protecting 
the  entire  ascending  mass  of  water  from  being  broken  in  upon  by 
lateral  currents. 

But  with  the  horizontal  fire- tubes,  these  conditions  are  all  reversed. 
Those  tubes,  lying  at  right  angles  to  the  ascending  current  of  water, 
act  as  mechanical  obstructions,  and  consequently  impede  its  velocity ; 
beside  which,  the  water  vaporized  by  the  horizontal  tubes  is  supplied 
to  them,  not  only  vertically  from  the  water  space  between  the  lower 
row  of  tubes  and  the  crown  of  the  furnaces,  but  horizontally  from 
the  water  spaces  at  the  sides  of  each  group  of  horizontal  fire-tubes, 
and  coming  in  between  the  rows  as  cross-currents  to  the  ascending 
mass,  break  in  upon  and  lessen  its  vertical  velocity.  Neither  the 
vertical  nor  the  horizontal  cross-currents  can  pass  with  maximum 
velocity  over  the  entire  surface  of  the  horizontal  tubes,  because  that 
surface  .being  convex  in  opposition  to  these  currents,  can  have  only  a 
line  swept  tangentially  by  them  with  the  maximum  velocity,  which, 
existing  only  in  the  least  water  spaces  between  the  tubes,  is  able  to 
sweep  only  a  line  of  their  surfaces  vertically  and  horizontally. 
There  must  be,  therefore,  in  a  given  time,  fewer  molecules  of  water 
brought  into  contact  with  a  given  tube-surface  in  the  case  of  the 
horizontal  fire-tube,  than  in  that  of  the  vertical  water-tube. 

With  the  vertical  water-tube  boiler,  brass  tubes  are  indispensable, 
as  iron  ones  last  only  from  one  to  two  years,  owing  to  the  rapid  cor- 
rosion of  their  lower  ends.     The  lower  one-fourth  of  an  iron  vertical 
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water-tube  will  be  corroded  entirely  through,  while  the  upper  three- 
fourths  will  be  unaffected,  but  brass  tubes  will  much  outlast  the 
boiler.  The  corrosion  of  the  iron  tubes  is  nearly  as  rapid  with  jet 
condensers  as  with  surface  condensers,  as  it  takes  place  almost 
entirely  on  the  outside,  being  due  to  the  sulphuric  acid  formed  by 
the  union  of  the  sulphurous  gases  from  the  coal,  with  the  moisture 
deposited  on  the  tubes  during  each  interval  of  steaming.  This  weak 
sulphuric  acid  trickles  down  the  tubes,  and  remains  around  their 
lower  ends,  where  there  is  also,  generally,  most  soot.  When,  as 
sometimes  in  land  boilers,  the  steaming  is  continuous  the  year  around, 
with  only  occasional  interruptions  for  cleaning,  the  iron  vertical 
water>tube  is  as  durable  as  the  iron  horizontal  fire-tube,  but  it  should 
never  be  employed  with  marine  boilers. 

The  sweeping  and  replacing  of  vertical  water-tubes  are  a  little 
more  difficult  than  in  the  case  of  horizontal  fire-tubes ;  but  they  are 
far  easier  to  be  cleaned  of  scale,  which  can  be  entirely  removed  from 
the  interior  of  water-tubes,  but  only  partially  from  the  exterior  of 
fire-tubes ;  and  the  former  hfive  the  advantage  that  the  water  level 
can  be  allowed  to  fall  fifteen  inches  below  their  upper  tube-plate, 
without  injury  from  heat. 

The  vertical  water-tubes  require  for  their  extraction  and  replace- 
ment, a  height  between  their  upper  tube-plate  and  the  boiler  shell 
equal  to  their  length.  This  condition  cannot  be  had  in  a  cylindrical 
shell,  but  if  brass  tubes  are  properly  put  in  and  well  cared  for,  there 
will  be  no  occasion  to  replace  one  during  the  life  of  the  boiler.  In 
the  original  construction  of  the  boiler,  the  tube-box  can  be  made 
complete,  independently,  with  the  tubes  secured  in  their  plates,  and 
the  whole  then  riveted  into  place. 

In  the  case  of  a  horizontal  fire-tube  and  of  a  vertical  water-tube 
boiler  differing  only  in  the-  tubes,  all  the  other  portions  being  the 
same,  and  the  total  grate  and  heating  surface  in  the  one  being 
the  same  as  the  total  grate  and  heating  surface  in  the  other ;  the 
weight  of  the  former  will  be  a  little  less  than  the  weight  of  the 
latter  in-  metal  alone,  exclusive  of  the  water  contained,  but  if 
the  water  be  included,  then  the  weights  of  both  boilers  will  be  about 
equal. 

A  modification  of  the  ordinary  cylindrical  boiler,  with  horizontal 
fire-tubes  returned  above  the  furnaces,  called  the  "  oval  boiler,*'  has 
been  found  convenient  in  practice  as  enabling  the  grate  and  heating 
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surfaces  to  be  placed  in  a  less  frontage.  This  so-called  oval  boiler 
has  a  semi-circular  top  and  bottom  of  equal  diameter,  connected 
by  flat  vertical  sides,  making  the  height  of  the  boiler  greater  than 
its  breadth  by  the  Jieight  of  these  sides  which  are,  of  course,  tied 
across  by  braces.  Such  a  shell  is  particularly  well  adapted  for  ver- 
tical water-tubes,  the  height  of  the  flat  vertical  sides  being  made  the 
same  as  tl^  height  of  the  tubes,  the  tube-boxes  being  placed  directly 
between  these  sides,  and  braced  to  them. 

Experimental  Boilers. 

To  test  the  mechanical  feasibility,  and  the  economic  vaporization 
of  such  an  arrangement  of  vertical  water-tubes  as  could  be  placed  in 
a  cylindrical  shell,  comparatively  with  the  economic  vaporization  by 
horizontal  fire-tubes  placed  in  a  duplicate  shell,  the  Bureau  of  Steam 
Engineering  of  the  Navy  Department,  constructed  at  the  Washington 
Navy  Yard,  two  high-pressure  boilers  of  the  marine  type,  for  com- 
pound engines.  .The  shells  of  these  boilers  were  cylindrical,  10  feet 
in  diameter,  and  9  feet  in  length,  exclusive  of  their  sheet  iron 
uptakes.  Each  shell  contained  two  cylindrical  furnaces  3  feet  in 
diameter,  with  grates  6  feet  in  length.  The  two  boilers  were  dupli- 
cates in  all  respects  except  tubes,  those  in  the  one  being  horizontal 
fire-tubes,  and  those  in  the  other  being  vertical  water-tubes ;  but,  in 
both  cases,  the  tubes  occupied  the  same  position,  immediately  above 
the  furnaces.  The  heating  surface  of  the  tubes  has  been  calculated 
for  their  inner  circumference  in  both  cases,  and  with  this  method  of 
calculation  the  total  heating  surface  of  the  horizontal  fire-tube  boiler 
is  1019  square  feet,  or  28*30  square  feet  to  one  square  foot  of  grate 
surface ;  while,  in  the  vertical  fire-tube  boiler,  the  total  heating  sur- 
face is  1104  square  feet,  or  30*67  square  feet  to  one  square  foot  of 
grate  surface.  In  quantity  of  heating  surface,  therefore,  the 
vertical  water-tube  boiler  exceeded  the  horizontal  fire-tube  boiler 
,1104  —  1019x100     \      „^  ^  ,^,     , 

/ iTvTq "^y  P®^  centum,  or  about  one-twelfth;  but 

that  this  additional  quantity  had  but  very  little  influence  on  the 
economic  vaporization,  will  be  apparent  when  the  rate  of  combustion 
(only  14*2  pounds  per  square  foot  of  grate  surface  per  hour,  at  the 
maximum)  is  considered,  and  the  large  proportion  of  heating  to 
grate  surface  (28-30  to  1*00)  existing  with  the  boiler  having  the  least 
heating  surface.     The  cross  area  over  the  bridge-walls  for  draught, 
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is  the  same  in  both  boilers,  namely  5*55  square  feet,  which  is  one 
square  foot  to  each  6  40  square  feet  of  grate  surface.  This  propor- 
tion is  the  same  through  the  tubes  of  the  vertical  water-tube  boiler, 
but  is  much  greater  through  the  tubes  of  the  horizontal  fire-tube 
boiler,  where  it  is  one  square  foot  of  cross  area  te  each  4*97  square 
feet  of  grate  surface.  This  difference,  in  view  of  the  fact  that  the 
cross  area  for  draught  over  the  bridge-walls  is  less  than  through  the 
tubes,  has  no  effect  on  the  economic  vaporization.  The  steam  room 
in  both  boilers  is  of  very  nearly  the  same  height  and  capacity. 

The  following  is  a  detailed  description  of  each  boiler,  together 
with  its  dimensions  and  proportions : 

THE   VERTICAL   WATER-TUBE    BOILER. 

The  shell  of  the  vertical  water-tube  boiler  is  a  cylinder  with  flat 
ends  at  right  angles  to  its  axis.  This  cylinder  is  10  feet  in  diameter 
and  9  feet  in  length,  externally ; 
the  uptake,  which  is  of  sheet-iron 
bolted  to  the  front  end  of  the 
cylinder,  projects  beyond  this 
length.  The  plates  of  the  shell 
are  ^  of  an  inch  thick  and 
double  riveted.  The  flat  ends 
of  the  shell  above  the  tube-boxes 
are  stayed  directly  across  with 
iron  rods  1|  inches  in  diameter 
and  10  inches  between  axes, 
attached  to  double  angle  iron 
riveted  vertically  to  the  ends. 
All  other  flat  ends  are  stayed 
with  socket-bolts  IJ  inches  in 
centres. 

'  There  are  two  furnaces  contained  in  horizontal  cylinders  of  3  feet 
internal  diameter  and  7  feet  3  inches  extreme  length.  The  axes  of 
these  cylinders  are  in  the  same  horizontal  plane  and  42  inches  apart. 
The  cylinders  are  composed  of  iron  plates,  J  inch  thick,  butted,  and 
double  riveted  to  inner  welts  below  the  grate-bars ;  they  are  single 
riveted  to  the  boiler  shell,  and  are  in  two  lengths,  flanged  where  the 
lengths  meet  at  the  centre  and  single  riveted  thereby.  The  grates 
within  these  cylinders  are  6  feet  in  extreme  length,  composed  of  cast- 


diameter   and   6   inches    between 


Digitized  by 


Google 


22 


Ishertoood — Boilers. 


[Jour.  Frank.  Inst., 


iron  in  two  lengths  of  3  feet  each.  The  bridge-wall  is  cast-iron 
faced  with  fire-brick,  and  is  6  inches  high  above  the  level  of  the 
grates.  The  top  of  the  grates  is  18  inches  below  the  crovm  of  the 
furnace  at  the  front,  and  21  inches  below  it  at  the  back. 

Each  furnace  has  a  separate  back  connection  15  inches  long  length- 
wise the  boiler,  with  its  top  rounded  on  a  quadrantal  arc  of  13  inches 
radius.  Its  back  is  flat  and  separated  from  the  back  end  of  the  boiler 
shell  by  a  flat  water-space  6  inches  wide,  including  thicknesses  of 
metal.  The  bottom  of  the  connection  is  a  horizontal  extension  of 
the  bottom  of  the  cylinder  containing  the  furnace,  and  the  sides  are 
flat.  The  inner  side  is  vertical  and  rises  from  the  horizontal  diam- 
eter of  the  furnace.  The  outer  side,  at  top,  is  a  horizontal  extension 
of  the  vertical  side  of  the  tube-box,  from  the  lower  edge  of  which  it 

slopes  inwards  on  a  tangent  to  the 
cylinder  containing  the  furnace. 
The  cast-iron  bridge-wall  of  the 
furnace  is  extended  clear  across  the 
connection,  so  as  to  occupy  the 
whole  of  the  lower  portion. 

Here  are  two  horizontal  tube- 
boxes,  one -to  each  furnace,  and 
they  are  returned  directly  above 
the  furnaces  from  the  back  con- 
nections to  the  uptake.  These 
boxes  are  rectangular,  23^  inches 
high  and  47  inches  wide  in  the 
clear,  with  an  extreme  length  of  7 
feet  3  inches.  They  are  composed 
of  i  inch  thick  iron  plates,  flanged  and  single  riveted.  Their  tops 
and  bottoms  are  the  upper  and  lower  tube-plates,  and  their  sides  are 
stayed  to  each  other  and  to  the  boiler  shell  by  socket-bolts.  The 
space  in  the  clear  between  the  top  of  the  cylinders  containing  the 
furnaces  and  the  bottom  of  the  tube-boxes  is  8J  inches. 

Each  tube-box  contains  four  hundred  and  fifty  vertical  water-tubes 
of  seamless  brass  -^  of  an  inch  thick,  expanded  on  one  side  and 
riveted  over  on  thejother  side  of  their  tube-plates.  These  tubes  are  2 
inches  in  external  diameter  and  23|  inches  high  in  the  clear  between 
their  tube-plates.  They  are  arranged  in  fifteen  rows  crosswise  the 
boiler,  and  thirty  rows  lengthwise  the  boiler ;  their  axes  being  in 
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straight  lines,  or  not  staggered.  The  distance  between  the  axes  of 
the  tubes  crosswise  the  boiler  is  3  inches,  and  lengthwise  the  boiler 
2|  inches. 

Both  tube-boxes  discharge  into  one  uptake  which,  at  the  top,  de- 
livers the  gases  of  combustion  into  a  horizontal  sheet-iron  flue  con- 
necting the  uptake  of  the  vertical  water-tube  boiler  with  that  of  the 
horizontal  fire-tube  boiler,  and  from  the  centre  of  this  flue  the 
chimney,  common  to  both  boilers,  rises.  The  uptake  has  the  usual 
doors  for  access  to  the  tubes  for  sweeping,  etc. ;  and  the  furnace- 
doors  were  thoroughly  perforated  for  the  admission  of  air  above  the 
incandescent  fuel  on  the  grates. 

The  following  are  the  principal  dimensions  and  proportions  of  the 
vertical  water-tube  boiler : 

Diameter  of  the  shell, 10  ft. 

Length  of  the  shell,  exclusive  of  the  uptake,  .         .  9  ft. 

Number  of  furnaces, 2. 

Breadth  of  furnaces,      .         .         .         .         .         .  3  ft. 

Length  of  grates, 6  ft. 

Total  area  of  grate  surface, 36  sq.  ft. 

Total  number  of  tubes, 900. 

External  diameter  of  tubes, 2  in. 

Internal  diameter  of  tubes, 1*80  in. 

Length  of  tubes  in  clear  of  tube-plates,  .         -         .  23-50  in. 

Total  cross  area  for  draught  above  the  bridge- walls,  5-55  sq.  ft. 

Total  cross  area  for  draught  through  the  tubes,        .  5-55  sq.  ft. 

Cross  area,  of  the  chimney,    .         .         .         .         -  12*57  sq.  ft. 

Diameter  of  the  chimney, 4  ft. 

Height  of  the  chimney  above  the  level  of  the  grate- 
bars, 60  ft. 

Heating  surface  in  the  two  furnaces,       .         •         .  69*03  sq.  ft. 

Heating  surface  in  the  two  back  connections,  .         .  68*00  sq.  ft. 

Heating  surface  in  the  two  tube-boxes,  .         .         .  131'10  sq.  ft. 

Heating  surface  in  the  900  tubes,  measured  on  their 

inner  circumference, 830*55  sq.  ft. 

Heating  surface  in  the  one  uptake,          .         •         .  5*32  sq.  ft. 

Total  water  heating  surface  in  the  boiler,         .         .    1,104*00  sq.  ft. 

Square  feet  of  water  heating  surface  per  square  foot 

of  grate-surface,         .         .         .         .         .         .  30*67. 

Square  feet  of  grate-surface  per  square  foot  of  cross 

area  above  bridge-walls, 6*49. 

Square  feet  of  grate-surface  per  square  foot  of  cross 

area  through  tubes,    ; 6*49. 

Square  feet  of  grate-surface  per  square  foot  of  cross 

airea  of  chimney, 2*87. 
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Water  room  to  6  inches  above  tubes,       .         .         .       310  cu.  ft. 

Steam  room  from  6  inches  above  tubes,  .         .         .       153  cu.  ft. 

Greatest  height  of  steam  room,       ....  2*75  ft. 

Weight  of  boiler,  exclusive  of  uptake,  chimney,  up- 
take doors,  furnace  doors  and  frames,  water,  grate- 
bars,  bridge-walls,  etc.,  but  inclusive  of  manhole 
and  handhole  plates, 30,605  pounds. 

Weight  of  uptake,  uptake  doors  and  furnace  doors,  .    1,100  pounds. 

Weight  of  grate-bars  and  bearers,  ....    1,892  pounds. 

Weight  of  cast  iron  bridge-walls  and  their  brick 

facing, 810  pounds. 

Weight  of  non-radiating  cement  covering  for  boiler,    6,000  pounds. 

Weight  of  water  in  toiler,      .         .         .         .         .  19,323  pounds. 

Total  weight  of  boiler,  exclusive  of  chimney,  ready 

for  service, 69,730  pounds., 

(To  be  continued.) 


ON    THE    DEVELOPMENT    OF    THE    CHEMICAL    ARTS, 
DURING  THE  LAST   TEN  YEARS.* 

B  y  D  R.  A.  W.  Hofmann. 

From  the  Chemical  News,  • 
[Concluded  from  Vol.  Ixxvi,  page  246.] 

The  endeavors  to  produce  matches  entirely  free  from  phosphorus, 
have  continued  without  interruption  since  the  investigation  of  Wieder- 
hold,t  which  are  of  permanent  value,  and  must  be  regarded  as  the 
basis  of  all  subsequent  enterprise  in  this  direction.  In  the  opinion 
of  many,  they  have  not  yet  been  so  far  improved  as  to  be  on  an 
equality  with  phosphorus  matches.  They  are  still  too  hard  to  strike, 
diffuse  an  unpleasant  odor,  and  have  no  advantage  in  cheapness. 
The  non-phosphoric  matches,  however,  recently  produced  on  the  large 
scale  by  G.  Kalliwoda,J  are  said  to  be  totally  er  almost  entirely  fre& 
from  these  defects.  This  important  problem  may  therefore  b& 
regarded  as  solved,  if  prolonged  experience  confirms  the  above  favor- 
able reports. 

*  **  Berichte  iiber  die  Entwickelung  der  Chemichen  Industrie  wahrend  des  letzten. 
Jahrzehends. 
f  Wiederhold,  Jahresher.f.  Tecknol.y  1861,  622. 
J  Kalliwoda,  Deutsche  Industrie  Z.,  1871,  17. 
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According  to  C.  Liebig,  a  good  mixture,  free  from  phosphorus,  may 
be  prepared  as  follows  : — 


Sulphuret  of  antimony, 

8  parts 

Chlorate  of  potash, 

16     ** 

Red  lead, 

10     « 

Bichromate  of  potash. 

1     " 

Nitro-mannite,      .... 

8     " 

Glass, 

4     " 

Gum  arabic,         .... 

5     " 

Particulars  as  to  the  value  of  this  mass  are  unknown ;  it  cannot 
be  cheap,  and  the  preparation  may  not  be  free  from  danger. 

Among  the  non-phosphoric  mixtures,  must  be  included,  that 
suggested  by  Fleck,  containing  finely  divided  sodium  diflfused  in 
paraffin. 

As  ingenious  as  are  the  methods  proposed  to  counteract  the 
unfavorable  attributes  of  the  sodium,  this  proposal  will  in  all  prob- 
ability never  be  practically  realized,  especially  as  better  agents  are 
known. 

For  blasting  charges  under  water.  Fleck's  mixture  might  possibly 
be  applicable,  but  the  spontaneous  decomposition  which  gradually 
sets  in,  would  be  found  a^  difficulty.  E.  Kopp,*  has  already  called 
attention  to  its  disadvantages,  whilst  Springmiihl,  after  a  careful 
examination,  and  also  Jettel,  deny  that  it  possesses  any  practical 
value. 

At  the  Exhibition,  France,  Sweden  and  Austria  represented  the 
match  trade. 

On  behalf  of  France,  appeared  the  Compagnie  Q-SnSrale  de9 
Allumettes  Chimique^  formed  in  the  month  of  October,  1872,  and 
possessing  the  leading  monopoly  for  the  production  of  matches  in 
the  whole  of  France.  For  this  privilege,  it  pays  to  the  Government 
a  fixed  tax  of  16,000,000  francs,  as  long  as  the  consumption  in 
France  does  not  exceed  40  milliards.  Beyond  this  consumption^ 
there  is  a  progressive  duty  of  6  centimes  per  100  matches.  Hence^ 
this  company  alone,  represents  the  whole  of  the  match  trade  of 
France.  The  former  manufacturers,  in  expectation  of  the  expro- 
priation which  they  had  daily  to  await,  did  not  exhibit.  The  impor- 
tance of  this  manufacture  for  France,  appears  from  the  following 
figures. 

*  Kopp,  MoniU  Scientif.,  1870,  74. 
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The  number  of  the  (former)  match-works  in  France,  large  and  small, 
amounts  to  no  fewer  than  833.  The  inland  consumption,  is  on  the 
average,  five  matches  daily  per  head,  or  70  milliards  yearly.  The 
company  must,  therefore,  meet  the  enormous  daily^  demand  of  180 
millions  without  maintaining  the  old  833  works  in  activity.  It  has, 
therefore,  decided  to  concentrate  the  production  in  twelve  estab- 
lishments, which  will  be  distributed  in  the  country,  according  to 
the  need  of  production  and  the  convenience  for  procuring  the  neces- 
sary materials.  It  is  of  opinion  that  it  will  be  possible  to  introduce 
into  each  of  these  works,  all  those  improvements,  industrial  and  san- 
itary, which  science  has  pointed  out  as  requisite. 

Of  the  180  millions  of  matches  daily  required,  150  millions  are  of 
wood,  and  30  millions  of  wax.  The  former  require  yearly,  45,000 
cubic  metres  of  wood  (oak,  poplar,  aspen,  pine  and  birch),  1200  to 
1500  tons  of  roll-sulphur,  and  300  tons  of  phosphorus  (1  ton  =  1000 
kilos.).  The  30  millions  of  wax-matches,  represent  a  yearly  con- 
sumption of — 

300,000  kilos,  spun  cotton. 
300,000     "      stearin. 

60  tons  of  phosphorus. 

To  this,  must  be  added  the  consumption  of  the  other  articles,  such 
as  red-lead,  gum,  etc.,  of  which  the  company's  report  to  the  jury 
gives  no  account. 

This  daily  production  of  180  million  matches,  requires  above 
6000  workpeople,  both  men  and  women.  The  varied,  more  or  less 
elegant,  pasteboard  boxes  are  manufactured  by  the  company,  3  millions 
being  required  daily,  requiring  a  yearly  consumption  of  at  least 
2500  tons  of  pasteboard  of  various  qualities.  As  to  the  number  of 
work-people  engaged  in  the  production  of  these  boxes,  the  report 
gives  no  particulars,  but  we  may  conclude  from  other  sources  that 
about  12,000  persons  of  both  sexes  will  suffice,  to  whom  must 
further  be  added  those  employed  in  packing  and  sending  off,  to  the 
number  of  at  least  200  persons. 

The  above  figures  refer  merely  to  the  home  consumption,  but  there 
is  also  considerable  exportation,  not  merely  by  sea,  but  even  into, 
other  countries  of  Europe.  The  French  marks,  "Roche,"  "Cause- 
mille,"  "Meifireu,"  are  in  request  at  La  Plata,  Buenos  Ayres,  Japan, 
Guatemala,  Peru,  etc.  The  exportation  amounts  to  the  yearly  value 
of  15  mill,  francs,  and  consists  exclusively  of  wax  lights  and  round 
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wooden  matches.    The  traffic  of  the  Soci^t^  G^n^rale  is  therefore  as 
follows : — 

Bomestic  consumption,  •         •        65,000,000  frs. 

Exportation,         ....         15,000,000  " 

80,000,000 
Which  is  distributed  as  follows : — 

Duty  on  consumption,  .  .  85,000,000  frs. 

Duty  on  exportation,  .  .  1,800,000  " 

Allowance  to  dealers,  .  .  13,000,000  " 

Cost  of  production  and  profit,  .  80,200,000  " 

80,000,000  « 

Finally,  must  be  remarked  that  in  the  show-case  of  the  company 
Coignet,  PSre  et  Fils,  exhibit  matches  with  a  friction-surface  of  amor- 
phous phosphorus. 

In  few  countries  has  the  manufacture  of  matches  reached  such  a 
development,  and  is  still  making  such  progress,  as  in  Sweden.  Swe- 
dish matches  are  known  in  all  civilized  countries,  and  so  valued  that 
counterfeits  are  sold  as  Swedish.  The  exportation,  which  was  only 
1,114,677  kilos,  in  1865,  and  2,896,398  kilos,  in  1870,  rose  in  1871, 
to  4,281,895,  and  in  1872,  to  6,059,601  kilos.  The  requisite  chem- 
icals are  imported  from  England.  The  works  at  Jonkoping  alone 
produce  yearly,  matches  of  the  value  1^  millions  riksdaler  (at  1  mark 
14  pf.  German),  and  the  production  of  the  remaining  twenty-four 
establishments  now  in  operation,  may  be  of  equal  value.  Besides, 
there  are  some  manufactories  engaged  solely  with  the  manufacture  of 
fusee-wirci 

The  largest  establishment  at  Jonkoping,  is  the  property  of  a  joint- 
stock  company.  It  was  founded  in  1845,  and  is  driven  by  four 
steam-engines,  of  the  joint  power  of  76  horses.  In  1872,  there  were 
employed  255  men,  849  women,  105  boys  and  141  girls,  the  two 
latter  groups  under  eighteen  years  of  age ;  together,  therefore,  1850 
persons.  Of  the  workwomen,  688  were  only  periodically  engaged  in 
their  own  houses,  and  that  with  the  manufacture  of  boxes. 

The  production  is  constantly  increasing,  and  amounted  in  1872  to 
128,089,754  matches  of  different  kinds,  representing  a  value  of 
1,857,249  riksdaler.  About  four-fifths  of  the  total  production  are 
exported.  The  company  has  founded  a  school,  a  reading-room,  baths 
for  the  workpeople,  and  is  now  erecting  cottages  for  their  accomoda- 
tion. It  employs  alone  as  many  workpeople  as  all  the  rest  of  the 
Swedish  match  works,  and  paid  in  1872,  860,514  riksdaler  in  wages. 
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In  the  sister-kingdom  of  Norway,  the  match  trade  has  also  taken 
root,  although  on  a  smaller  scale.  Amongst  the  countries  in  which 
this  manufacture  was  earliest  established,  and  has  been  remarkably 
successful,  Austria  must  not  be  forgotten,  although.its  production  is 
now  less  extensive  than  that  of  Sweden.  The  exportation  of  matches, 
wax-lights,  etc.,  amounts  to,  in  the  years — 


1870, 46,684  kilos. 

1871, 43,685 

1872, 42,436 


<( 
<( 


The  decline  of  the  trade  is  ascribed  to  heavy  local  taxation.  There 
are  at  present  43  large  and  79  smaller  establishments  in  operation. 

Other  Applications  of  Phosphorus. — Phosphorus  is  employed  not 
merely  in  the  match  trade,  but  in  so  many  other  branches,  both  in  a 
free  state  and  in  numerous  compounds,  that  we  cannot  undertake 
their  exhaustive  description.  The  scientific  chemist  uses  this  element 
in  innumerable  investigations,  as,  e.  g.^  in  the  preparation  of  methyl- 
and  ethyl-iodide,  which,  thanks  to  the  labors  of  A.  W.  Hofmann, 
have  become  indispensable  agents  in  research,  and  have  found  exten- 
sive application  in  chromo-technics.  For  such  purposes,  amorphoic 
phosphorus  is  often  used  instead  of  the  ordinary  kind,  since  its  reac- 
tions are  as  a  rule  less  violent. 

In  pharmacy,  phosphorus  plays  also  an  important  part,  although 
exclusively  in  the  shape  of  one  of  its  oxygen  compounds,  phosphoric 
acid.  This  acid  is  found  to  be  an  excellent  medium  for  introducing 
into  the  organism,  the  iron  neccessary  for  the  formation  of  blood. 
For  this  reason,  ferric  pyrophosphate,  which  has  no  inky  flavor,  and 
indeed  very  little  perceptible  taste,  has  rapidly  become  a  favorite 
medicine,  and  it  is  used  in  Grimault's  iron-syrup,  in  Loflund's  extract 
of  malt,  and  in  so  called  "iron-sugar.'*  As  a  reagent  for  many  sub- 
stances belonging  to  the  materia  medica,  phosphoric  acid  is  also 
important.  According  to  Kratschmer  and  Nowak,*  it  is  the  best  test 
for  atropin ;  according  to  C.  Scheibler,t  there  is  no  better  precipi- 
tant, for  nearly  all  organic  bases  than  phospho-tungstic  acid,,  a  com- 
bination of  phosphoric  and  tungstic  acids,  equally  available  for  scientific 
and  technological  purposes. 

Particularly  important  is  the  method  of  Prof.  E.  N.  Horsford,  of 
Cambridge,  U.  S.,  for  the  preparation  of  bread  without  yeast,  and 

*  Kratschmer  and  Norwak,  Vien.  Acad,  Ber.j  ii,  69. 
f  Scheibler,  DingL  Pol,  Journ.,  ccix,  141. 
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consequently  without  fermentation,  by  means  of  phosphoric  acid. 
Liebig  *  considers  this  invention  "  one  of  the  most  important  and 
beneficial  that  have  been  made  within  the  last  ten  years."  Prof. 
Horsford,  who,  during  his  stay  in  Vienna,  as  an  Exhibition  juror,  had 
the  kindness  to  perform  his  process  in  the  laboratory  of  the  reporter, 
proceeds  as  follows : — White  washed  bone-ash,  (3  parts)  are  treated 
with  about  2-4  parts  of  siilphuric  acid,  from  which  the  small  amount 
of  lead  present  in  the  commercial  acid  has  been  previously  precipi- 
tated by  dilution  with  10  parts  of  water.  It  is  thus  converted  into 
the  well-known  calcium  phosphate  [CaH2(P04^2])  which  still  contains 
one-third  of  the  lime  in  the  bones.  After  removing  the  gypsum,  the 
liquid,  which  also  contains  the  magnesia  of  the  bones,  is  concentrated 
to  the  consistence  of  honey,  and  when  cold  is  mixed  with  1  part  of 
starch  of  any  kind,  thus  forming  when  thoroughly  kneaded  together 
a  crumbly  mass,  which,  on  exposure  to  a  gentle  heat,  yields  a  white 
powder.  To  this  is  added  bicarbonate  of  soda,  in  the  proportion  of  3 
parts  of  the  phosphate  to  1  of  the  soda-salt.  Dough  is  now  prepared 
with  flour,  mixed  with  salt,  and  with  the  above-mentioned  baking 
powder,  worked  up  well  together  and  baked  in  the  usual  manner. 

The  carbonic  acid  thus  liberated  makes  the  bread  light  and  porous, 
so  that  in  this  respect  it  differs,  if  at  all,  advantageously  from  that 
produced  with  yeast.  If  bicarbonate  of  potassa  is  used  instead  of  the 
soda-salt,  the  bread  has  a  better  flavor,  and  this  procedure  would  be 
the  more  rational,  since  the  greater  part  of  the  potash  is  withdrawn 
from  the  flour  in  the  separation  of  the  bran.  Heretofore,  however, 
the  high  price  of  the  potash-salt,  stands  in  the  way  of  this  improve- 
ment. Leibig,  however,  proposes  to  substitute  a  mixture  of  the 
bicarbonate  of  soda,  and  chloride  of  potassium  in  the  proportion  of 
about  2  to  1  for  the  bicarbonate  of  potassa. 

The  advantage  of  a  process  so  easily  executed  in  every  household, 
and  the  beneficial  effects  of  this  well-flavored  bread  upon  digestion 
are  so  evident,  that  it  -would  be  superfluous  to  enter  upon  any  detailed 
explanation.  We  may  mention,  however,  that  for  armies  in  the  field, 
the  value  of  this  bread  must  be  incalculable,  as  it  is  peculiarly 
adapted  to  serve  for  a  time  as  a  substitute  for  animal  food.  In 
America,  it  is  already  produced  in  large  quantities,  and  has  become 
a  substance  of  daily  consumption.  In  the  recent  war  it  proved  very 
useful.     It  is  evidently  possible  to  incorporate  with  this  bread,  by 

*  Liebig,  Ann.  Chem.  Pharm.y  cxlix,  37,  Wagner  Jahresher.,  1869,  470. 
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additions  suited  to  circumstances^  all  the  constituents  of  blood  in  the 
necessary  proportion.* 

We  may  finally  mention  that  phosphorus,  notably  modifies  the 
properties  of  metals  with  which  it  combines  directly,  and  in  the 
case  of  such  as  are  strongly  electro-positive  even  with  the  develop- 
ment of  fire.  The  circumstance  has  met  with  technological  applica- 
tions, especially  in  the  case  of  copper,  which,  by  the  addition  1*2  to 
1*5  per  cent,  of  phosphorus  (phosphor-bronze),  becomes  harder, 
tougher,  more  fluid  on  fusion,  and  resists  external  influences  better, 
e.g.j  the  action  of  sea-water.  A  plate  of  this  bronze,  thus  exposed 
for  six  months,  lost  only  1*158  per  cent,  of  its  weight,  whilst  a  plate 
of  the  best  English  copper  of  equal  size,  lost  in  the  same  time  3'058 
per  cent. 

In  the  works  of  the  Stephenson  Tube  Company,  at  Birmingham, 
phosphorus-bronze  has  been  produced  on  the  large  scale  since  1865, 
and  is  used  for  tubes,  barrels  for  fire-arms  of  all  kinds,  cylinders 
for  calico-printing,  etc. 

Larger  proportions  of  phosphorus,  render  copper  white  and 
perfectly  brittle.  What  is  the  exact  part  which  small  quantities  of 
phosphorus  may  play  when  alloyed  with  copper  is  not  quite  clear. 
It  may,  possibly,  as  Dumas  supposes,  act  principally  upon  the  oxides 
mixed  with  the  copper,  and  which,  when  converted  into  phosphides, 
may  contribute  themselves  in  the  mass,  thus  rendering  it  harder, 
tougher,  and  more  elastic. 

The  phosphor-bronze,  from  the  works  of  G.  Hopner  &  Co.,  at 
Iserlohn,  is  already  extensively  used  for  the  bearings  of  axles,  for 
gun-barrels,  plating,  weights,  etc.  (See  the  paper  on  "  Copper,"  in 
a  subsequent  part  of  this  report.) 

If  phosphate  of  copper,  obtained  by  precipitating  sulphate  of  cop- 
per with  the  phosphate  of  soda,  is  mixed  with  charcoal  and  exposed 
to  a  strong  red  heat,  a  white  brittle  copper  phosphide  is  obtained, 
very  rich  in  phosphorus,  by  the  aid  of  which  alloys  of  any  desired 
composition  can  be  most  advantageously  obtained. 

Phosphates  have  been  experimentally  used  in  the  glass  manufac- 
ture, but  without  any  marked  benefit.    The  glass  takes  a  yellow  color.f 

*  See  **  Theory  and  Art  of  Bread-Making :  A  New  Process  without  the  Use  of  Fer- 
ment," by  Prof.  E.  N.  Horsford. 
\  Pelouze,  Ann.  Chim,  Fhys.,  (4),  v,  465. 
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NOTE   ON  THE  TAPER  OP   CONNECTING-RODS. 
By  William  D.  Marks, 

Whitney  Professor  of  Dynamical  Engineering,  University  of  Penn'a. 


In  a  recent  work  on  the  steam  engine,*  the  writer  made  the  fol- 
lowing remark : 

^^  It  is  customary  to  make  round  connecting-rods  with  a  taper  of 
about  one-eighth  of  an  inch  per  foot,  from  the  centre  to  the  necks, 
which  should  be  of  the  calculated  diameter. '  Experiment  does  not 
show  an  increased  strength  from  a  tapering  form." 

Passed  Assistant  Engineer  G.  H.  Manning, f  in  a  pleasant  corres- 
pondence with  the  writer,  differed  from  him,  deeming  it  the  better 
method  to  taper  connecting-rods  from  the  crank -pin  end  to  the  cross- 
head  end,  as  ^^  experience  had  shown  that  connecting-rods  usually 
failed  at  the  crank-pin." 

Led  by  this  remark  to  make  a  more  thorough  investigation  into  the 
stress  upon  connecting-rods  due  to  their  own  ineri;ia,  than  he  had 
before  deemed  necessary,  the  writer  submits  the  results,  hoping  they 
may  be  of  interest  to  engineers  engaged  in  the  designing  of 
mechanism. 

The  connecting-rod,  if  of  vrrought-trorij  must  be  considered  either, 
1st,  as  a  short  column,  tending  to  rupture  by  crushing,  or  2d,  as  a 
long  column,  tending  to  rupture  by  buckling.  The  tendency  to  fail 
in  tension,  can  be  neglected  as  being  much  less  than  in  the  two  cases 
mentioned. 

In  the  first  case  it  is  obvious  that  tapering  will  not  add  to  its 
strength,  if  we  neglect  the  stress  due  to  its  inertia  and  weight. 

In  the  second  case,  theoretically,  if  we  disregard  the  stress  in 
flexure  due  to  the  inertia  and  weight  of  the  connecting-rod,  the 
increase  in  its  diameter  will  be  a  maximum  at  its  centre.  (See 
"  Weisbach's  Mechanics  of  Engineering,"  Sec.  iv.  Art.  267.) 

The  connecting-rod,  if  of  steely  may  be  considered,  1st,  as  a 
tension-rod,  tending  to  fail  in  tension,  or  2d,  as  a  long  column,  tend- 
ing to  rupture  by  buckling.     The  ability  of  steel  to  withstand  a  much 

*  The  "  Relative  Proportions  of  the  Steam  Engine." 

f  Instructor  in  steam  engineering,  U.  S.  Naval  Academy,  Annapolis,  Md. 
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greater  stress  in  compression  than  in  tension,  avoids  the  necessity  of 
considering  it  as  a  short  column,  failing  by  crushing.  In  both  cases 
the  inertia  and  weight  of  the  rod  are  disregarded. 

These  are  the  general  conditions  which  have  controlled  the 
mechanical  engineer  in  the  consideration  of  the  proportions  of  wrought- 
iron  or  steel  connecting-rods.  In  addition,  it  has  been  customary  in 
order  to  meet  an  unknown  stress  in  flexure,  due  to  the  inertia  of  the 
rod,  to  increase  the  diameter  of  the  rod  at  the  middle,  or  latterly  to 
give  an  increased  diameter  at  the  crank-pin,  and  taper  from  this  to 
the  smallest  dimension  of  the  rod  at  the  necks  or  neck,  this  increase 
being  purely  empirical. 

Prof.  R.  H.  Thurston,  of  the  Stevens  Institute  of  Technology,  in 
a  personal  letter,  October  31st,  1878,  says  :     "  Where  iron  and  steel 

Fig.  1. 


Jir«. 


are  used,  the  figures  adopted  as  constants  must  vary  greatly, 
especially  with  steel.  The  value  of  E  (modulus  of  elasticity)  varies 
enormously ^''  with  which  opinion  the  writer  agrees  perfectly,  only 
regretting  that  the  very  basis  of  all  correct  calculations  is  thus  taken 
from  us,  and  we  are  forced  to  be  contented  with  results  which  have  a 
reasonable  probability  of  correctness,  if  we  assume  average  values  for 
the  safe  stresses  per  square  inch,  and  the  moduli  of  elasticity  of  the 
material  with  which  we  are  dealing. 

If  a  straight  line,  A  JS,  Fig.  1,  have  its  extremities  A  and  B 
respectively  caused  to  move  reciprocally  upon  the  straight  line  AEH 
and  in  the  perimeter  of  the  circle  B  I'  Gr^  any  point  upon  the  line 
j1  J9  as  (2  will  trace  an  ellipse  3,8  dH e  F. 

If,  now,  we  let  the  length  of  the  line  A  B  =  I;  the  radius  C B  oi 
the  circle  =  r;  the  variable  distance  of  the  point  d  from  the  point 
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A  =  Ad=l^]  we  have  the  semi-major-axis  of  this  ellipse  hF  = 
h  H=r,  and  the  semi-minor-axis  hd  =  he  =  jrj  and  the  radius  of 

V 

curvature  of  the  osculatory  circle  at  the  vertex  d  of  the  semi-minor- 
axis, 

^R  =  jr.         . (1) 

The  maximum  resistance  due  to  its  inertia  of  any  small  mass  m  at 
the  end  B  of  the  rod  A  -B,  to  motion  in  the  direction  B  (7,  is  equal 
to  its  centrifugal  force 

'"'^ (2) 


"> 


in  which  v  =  the  linear  velocity  of  the  point  B  in  feet  per  second. 

For  a  demonstration  of  this,  refer  to  a  paper  by  F.  A.  P.  Barnard, 
Transactions  of  the  American  Institute, 

Observing  now  that  in  the  position  shown  in  the  figure,  every  point 
on  the  line  ^  J9  as  (2  is  moving  with  a  velocity  v  in  an  arc  of  an 

osculatory  circle,  whose  radius  is  ^  =  -r,  equation  (1),  we  have  the 

h 
means  of  determining  the  resistance  due  to  the  inertia  of  each  element 
of  mass  m. 

For  the  point  d  it  would  be 

^=Tr ^^^ 

For  the  point  -4,  since  ?i  =  0,  iJ  =  oc,  and  the  resistance  of  a  mass 
m  would  be  =  0.  We  thus  see,  equation  (3)  that  the  resistance  of 
each  element  of  mass  due  to  its  inertia  to  motion  in  a  direction  at 
right  angles  to  jF  J.  (?,  is  directly  proportional  to  its  distance  =  Z^ 
from  the  point  A. 

If,  now,  for  the  line  -4.  J5  we  substitute  a  rod  of  uniform  cross- 
section  =  F^  we  have 

w  = -y (4) 

9 

in  which  y  =  weight  per  cubic  unit,  and  g  =  32-2  feet  per  second, 
F  being  taken  in  square  units. 

Whole  No.  Vol.  CVII.— (Third  Sbriks,  Vol.  Ixxvii.)  3 
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Substituting  this  value  of  m  in  equation  (3),  and  integrating 
between  the  limits  Zi  =  0  and  =  ?,  we  have,  denoting  the  whole 
resistance  of  the  rod  J.  J5  by  P, 

I 


•=/5 


Ir  zgr 


P  = 


(5) 


i<- JC^- 


or  since  the  weight  of  the  rod  =  G=^Fylj 

2gr 

And  since  this  load  upon  the  rod  due  to  the  resistance  of  its  own 

inertia  increases  uniformly  from  the  end  A  to  the  end  B,  the  rod 

can,  with  sufficient  approximation,  be  supposed  in  the  condition  of 

YiQ,  2.  ^    horizontal   beam 

loaded  with  a  trian- 
gularly-shaped load, 
as  shown.  Fig.  2^ 
in  the  cross-hatched 
portion  A  KB, 

For  a  vertical  en- 
gine, we  can  neglect 
the    weight   of    the 
connecting-rod,  considering  only  the  stress  due  to  its  inertia. 

For  the  moment  of  flexure  of  any  cross-section  at  a  distance  x  from 
the  extremity  -4.,  we  have,  letting  e  =  the  load  per  unit  of  length  at 
the  point  Ky 

iPx-i-^x'=Ji>(a;-^),         ....         (6) 

which  becomes  a  maximum  {ot  x=l l/j  =  0*578  Z,  and  at  which 
point,  therefore,  the  maximum  cross-section  of  the  connecting-rod 
should  be  placed. 

In  horizontal  engines  it  is  necessary  to  take  into  consideration  the 
weight  of  the  rod,  as  well  as  its  inertia ;  the  weight  of  the  rod  may 
be  regarded  as  a  uniformly  distributed  load,  always  acting  in  one 
direction. 

For  the  cross-section,  at  a  distance  x  from  the  extremity  Ay  the 
moment  of  flexure  is  letting  G-=  whole  weight  of  rod  =  ^1 
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{^t^lGr)x-:^^-:^^x^  :        .        .        .        (7) 


which  is  a  maximnm  for 


=^  =  -2P-N3  +  2P  +  4-^'        ...        (8) 

But  we  have  from  equation  (5), 

-—  =  ^,   in   which  ff  =  acceleration  of  gravity,  v  =  the  linear 

velocity  of  the  crank-pin,  J5,  in  feet  per  second,  and  r  =  the  radius 
of  the  crank  in  feet.     Substituting  this  value  in  equation  (8),  we  have, 


"'{-'?' *a(8-+?  +  (^)' 


(9) 


which  shows  that  as  the  velocity  of  the  crank-pin  increases,  the  value 
of  X  approaches  more  nearly  to  1}/^==  0*578  Z,  but  can  never  quite 
equal  it. 

Referring  to  equation  (7),  and  taking  P=  zero,  we  find  the  maxi- 
mum value  of  x=  -  =0'5l. 

We  thus  see  that  the  greatest  moment  of  flexure  of  any  connecting- 
rod  lies  between  the  limits  0*5 1  and  0*578  Z,  measured  from  the 
point  A. 

It  is  of  interest  further  to  note,  that  the  crank-pin  takes  one-half 
the  stress  due  to  the  weight  of  the  rod,  and  two-thirds  of  the  stress 
due  to  the  inertia  of  the  rod. 

The  end,  J.,  takes  one-third  of  the  stress  due  to  the  inertia  of  the 
rod,  alternately  increasing  and  decreasing  the  stress  upon  the  guides 
to  this  amount  and  one-half  the  stress  due  to  its  weight. 

In  engines  having  a  large  number  of  revolutions  per  minute,  P 
becomes  worthy  of  notice. .  In  slow-moving  engines  it  is  very  small, 
and  may  be  neglected. 

From  these  considerations,  the  writer  is  of  the  opinion  that  the 
failure  of  connecting-rods,  at  the  neck  nearest  the  crank-pin,  if  they 
are  properly  proportioned^  is  probably  due  more  to  the  crank-pins  being 
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out  of  truth,  rather  than  to  the  weight  or  inertia  of  the  rods  them- 
selves. 

He  further  takes  this  opportunity  to  state,  that  in  a  properly 
proportioned  engine  of  any  assumed  horse-power,  the  only  method  of 
diminishing  the  weight  of  the  moving  parts,  is  to  increase  the  number 
of  strokes — lengthening  the  stroke  will  not  do  it. 

December  7ih,  1878. 


ON  THE   TRANSMISSION  OF  POWER  BY  MEANS  OF 

ELECTRICITY. 

By  Profs.  Elthu  Thomson  and  Edwin  J.  Houston. 

The  statements  recently  made  as  to  the  size  and  cost  of  the  cable 
that  would  be  needed  to  convey  the  power  of  Niagara  Falls  to  a  dis- 
tance of  several  hundred  miles  by  electricity,  have  induced  the  authors 
to  write  the  present  paper,  in  the  hope  that  it  may  throw  light  upon 
this  interesting  subject. 

As  an  example  of  some  of  the  statements  alluded  to,  we  may  cite 

the  following,  viz. :     That  made  by  a  certain  electrician,  who  asserts 

that  the  thickness  of  the  cable  required  to  convey  the  current  that 

could  be  produced  by  the  power  of  Niagara,  would  require  jnore 

copper  than  exists  in  the  enormous  deposits  in  the  region  of  Lake 

YiQ,  1.  Superior.       Another 

«^^:QN  »/^^7n  statement     estimates 

1^    (C)j  J  M/LE-.         (Qj    ^     t*^®  cost  of  the  cable 

^-^  ^  ^^  at  about  $60  per  lineal 

foot. 

As  a  matter  of  fact, 
however,  the  thickness 
of  the  cable  required  to  convey  such  power  is  of  no  particular  ^ 
moment.  Indeed,  it  is  possible,  should  it  be  deemed  desirable,  to 
convey  the  total  power  of  Niagara,  a  distance  of  500  mUe%  or  more^ 
by  a  copper  cable  not  exceeding  one-half  of  an  inch  in  thickness.  This, 
however,  is  an  extreme  case,  and  the  exigencies  of  practical  working 
would  not  require  such  restrictions  as  to  size. 

The  following  considerations  will  elucidate  this  matter.  Suppose 
two  machines  connected  by  a  cable,  of  say  1  mile  in  length.  One  of 
these  machines,  as,  for  example,  -4.,  Fig.  1,  is  producing  current  by 


Digitized  by 


Google 


Jan.,  1879.]  IVansmission  of  Power.  37 

the  expenditure  of  power ;  the  other  machine,  By  used  as  an  electrical 
motor,  is  producing  power,  by  the  current  transmitted  to  it  from  -4., 
by  the  cable  0.  The  other  terminals,  x  and  y,  are  either  put  to  earth, 
or  connected  by  a  separate  conductor. 

Let  us  suppose  that  the  electromotive  force  of  the  current  which 
flows  is  unity.  Since  by  the  revolution  of  B,  a  counter-electromotive 
force  is  produced  to  that  of  J.,  the  electromotive  force  of  the  current 
that  flows  is  manifestly  the  difference  of  the  two.  Let  the  resistance 
of  A  and  B  together,  be  eqijal  to  unity,  and  that  of  the  mile  of  cable 
and  connections   between  them,  the  '01  of  this  unit.     Then  the  cur- 

XT  -t 

rent  which   flows  will  be  0=  -=  -r-r*      If    now   an   additional 

machine,  A^^  Fig.  2,  and  an  additional  motor,  jB^,  and  an  additional 
mile  of  cable,  be  introduced  into  the  above  circuit,  the  electromotive 

Fig.  2. 
2  M/LES 


X 


\y 


force  will  be  doubled,  and  the  resistances  will  be  doubled,  the  current 

XT  1 4- 1  2 

strength   remaining    the    same    as    (7  =  -==^^^      ^^^  ^2^> 

Here  it  will  be  seen  that  the  introduction  of  the  two  additional 
machines,  -4.'  S',  has  permitted  the  length  of  the  cable  c  to  be 
doubled,  without  increasing  the  strength  of  the  current  which  flows, 
and  yet  allowing  the  expenditure  of  double  the  power  at  A  A\  and  a 
double  recovery  at  B  jB'  of  power,  or^  in  other  words,  a  double  trans- 
mission of  power,  without  increase  of  current  Increase,  now,  the 
number  of  machines  at  A  to  say  one  thousand,  and  of  those  at  B  in 
like  proportion,  and  the  distance  between  them,  or  the  length  of  the 
cable,  one  thousand,  or  in  the  case  we  have  supposed,  make  it  one 
thousand  miles,  its  diameter  remaining  the  same.  Then  although  the 
same  current  will  flow,  yet  we  have  a  thousand  times  the  expenditure 
of  power  at  one  end  of  the  cabUy  and  a  thousand-fold  recovery  at  the 
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other  endy  without  increase  of  current.  And  the  same  would  be  true 
for  any  other  proportion. 

Since  the  electromotive  force  is  increased  in  proportion  to  the 
increase  of  power  transmission,  the  insulation  of  the  cable  and 
machines  would  require  to  be  proportionally  increased. 

As  an  example,  it  may  be  mentioned  that  a  dynamo-electric 
machine  used  for  the  purpose  of  A  in  the  figure,  may  have  a  resist- 
ance of  say  40  ohms,  and  produce  an  electromotive  force  of  say  400 
volts.  Such  a  machine  might  require  from  three  to  five  horse-power 
when  used  in  connection  with  a  suitable  motor  J5,  for  recovery  of  the 
power  transmitted. 

If  the  resistance  of  the  motor  JS,  be  say  60  ohms,  and  the  cable 
transmitting  the  currents  a  distance  of  one  mile,  be  one  ohm,  then 

the  current  0=  :r^ —       ^  =  -- -.    If  now,  one  thousand  machines 

60  +  40  +  1      101  ' 

and  one  thousand  motors,  and  a  thousand  miles  of  cable,  each  of  the 

same  relative  resistances  be  used,  the  current  0=  -—-- -7- ,  which 

'  1000  X 101       • 

has  manifestly  the  same  value  as  before.     If  our  supposition  of  the 

power  used  to  drive  one  machine  be  correct,  then  from  three  to  five 

thousand  horse-power  would  be  expended  in  driving  the  machines, 

and  possibly  about  fifty  per  cent,  of  this  amount  recovered.     Then 

we  have  from  1500  to  2000  horse-power  conveyed  a  distance  of  1000 

miles.     What  diameter  of   copper  cable  will  be  required  for  such 

transmission  ?     Since  this  cable  is  supposed  to  have  the  resistance  of 

one  ohm  to  the  mile,  calculation  would  place  the  requisite  thickness 

at  about  J  inch.     If,  however,  the  distance  be  only  500  miles,  then 

the  resistance  per  mile  may  be  doubled,  or  the  section  of  the  cable 

be  decreased  one-half,  or  its  diameter  will  be  less  than  the  ^  inch. 

For  the  consumption  of  1,000,000  horse-power,  a  cable  of  about  3 

inches  in  diameter  would  siiflSce  under  the  same  conditions.     However, 

by  producing  a  much  higher  electromotive  force,  the  section  of  the 

cable  could  be  proportionally  reduced,  until  the  theoretical  estimates, 

which  we  have  given  in  the  first  part  of  this  paper,  might  be  fulfilled. 

The  enormous  electromotive  force  required  in  the  above  calculation, 

would,  however,  necessitate  such  perfect  insulation  of  the  cable,  that 

the  practical  limits  might  soon  be  reached.     The  amount  of  power 

required  to  be  conveyed  in  any  one  direction,  would,  of  course,  be 

dependent  upon  the  uses  that  could  be  found  for  it ;  and  it  is  hardly 
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•conceivable  that  any  one  locality  could  advantageously  use  the 
enormous  supposed  power  we  have  referred  to. 

Stripped  of  its  theoretical  considerations,  the  important  fact  still 
remains,  that  with  a  cable  of  very  limited  size,  an  enormous  quantity 
of  power  may  be  transferred  to  considerable  distances.  The  burning 
of  coal  in  the  mines,  and  the  conveyance  of  the  power  generated  by 
the  flow  of  rivers,  may  therefore  be  regarded  as  practicable,  always, 
liowever,  remembering  that  a  loss  of  about  50  per  cent,  will  be 
almost  unavoidable. 

It  may  be  mentioned  that  Dr.  C.  W.  Siemens,  and  Sir  William 
Thomson,  have  recently  made  statements  that  are  in  general  accord- 
ance with  the  views  here  expressed. 


A  CURIOUS  THERMO-MAGNETIC  MOTOR. 


By  Profs.  Edwin  J.  Houston  and  Elihu  Thomson. 


During  investigations  by  the  authors,  concerning  the  increase  in 
the  coercitive  force  of  steel  by  changes  of  temperature,  the  following 
curious  thermo-magnetic  motor  was  devised.  This  motor,  though 
devoid  of  practical  value,  will,  no 
doubt,  be  of  sufficient  scientific  interest 
to  warrant  a  short  description. 

In  the  figure,  a  disc  or  ring  of  thin 
steel,  I) J  is  mounted  on  an  axis,  so  as 
to  be  quite  free  to  move.  The  edges 
of  the  wheel  are  placed  opposite  the 
poles  JTand  S\  of  a  magnet.  In  this 
position  the  wheel  of  course  becomes 
magnetized  by  induction. 

If  now,  any  section  of  the  wheel, 
as  Sj  be  sufficiently  heated,  the  disc 
will  move  in  the  direction  shown  by 
the  arrow.  The  cause  of  this  motion 
is  as  follows :  The  section  -H",  when 
heated,  has  its  coercitive  force  thereby  increased,  and  being  less 
powerfully  magnetized  by  the  induction  of  the  pole  S,  than  the  portion 
Oj  immediately  adjacent  to  it,  the  attraction  exerted  by  the  pole  S 
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on  the  latter  portion  is  thereby  sufficient  to  cause  a  movement  of  the 
disc  in  the  direction  shown  by  the  arrow.  If  a  constant  source  of  heat 
be^ placed  at  JET,  a  slow  rotation  in  the  direction  shown  is  maintained. 
To  ensure  success,  the  disc  must  be  sufficiently  thin  as  to  prevent 
its  acquiring  a  uniform  temperature.  If  the  source  of  heat  be  at  the 
same  time  applied  at  diametrically  opposite  portions  of  the  disc,  as 
at  S  and  i>,  adjacent  to  the  poles,  the  same  effect  will  be  produced. 
Since  the  amount  of  heat  expended  in  producing  motion  of  the  disc 
is  so  enormous  when  compared  with  the  force  developed,  it  will 
be  readily  understood  that  this  motor  is  of  no  value  as  such,  but  must 
be  regarded  as  an  interesting  example  of  the  interconvertibility  of 
force.  

INPUCTION  APPARATUS  FOR  REVERSED  CURRENTS. 

By  Profs.  Elihu  Thomson  and  Edwin  J.  Houston. 

The  following  apparatus  was  devised  by  the  authors  for  the  pur- 
pose of  obtaining  induced  reversed  currents  for  use  in  electric  illumi- 
nation. These  currents  we  use  with  a 
vibrating  lamp,  somewhat  similar  in  con- 
struction to  a  lamp,  a  description  of  which 
has  already  been  published. 

Our  method  of  operation  is  as  follows : 
A  reversed  primary  current  is  caused  to 
induce   reversed    secondary   currents   in 
secondary  coils  provided  therefor.    These 
secondary  currents   are   caused   to   give 
vibrations     to     carbon    electrodes,     and 
thereby   at    the    same    time   produce    a 
partial  arc  between  them.    With  sufficient 
strength  of  primary  current,  a  consider- 
able number  of  secondary  currents   are 
obtained,  each  of  which  is  able  to  operate 
one  of  our  vibrating  lamps. 
The  use  of  a  vibrating  lamp  admits  of  a  wider  ange  in  the  size 
of  the  carbons  employed.     When  a  light  of  very  moderate  intensity 
is  desired,  the  carbons  are  made  of  very  small  size,  and  are  placed  in 
a  closed  glass  vessel  for  protection  from  the  atmosphere.     To  mod- 
erate the  brilliancy,  opalescent  glass  is  used. 
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To. obtain  the  highest  efficiency  of  inductive  action  from  a  set  of 
primary  coils,  the  following  form  of  induction  of  coil  was  devised: 
The  primary  coil  P,  surrounding  the  core  (7,  is  provided  with  a  sec- 
ondary coil  aS,  adjacent  to  it.  The  ends  E  and  -P,  of  the  bobbin,  are 
made  of  disks  of  iron  concentric  with  the  core  (7,  and  slit  from  centre 
to  circumference.  The  outer  extremities  of  these  disks  are  connected 
by  wires  or  sheets  of  iron  i,  to  one  another,  forming,  in  this  manner, 
an  induction  coil  encased  in  iron,  or  one  whose  core  has  its  north  and 
south  extremities  magnetically  connected.  The  strength  of  the  cur- 
rent developed  in  the  secondary  coil  is  greatest  when  the  core  C, 
which  is  movable,  is  inserted  so  that  both  of  its  extremities  are  in 
contact  with  E  and  F.  By  withdrawing  this  core,  the  currents  in 
the  secondary  coil  may  be  weakened  to  almost  any  desired  extent. 
This  coil  is  best  adapted  to  the  use  of  primary  currents  whose  direc- 
tion is  constantly  changing.  All  the  wire  being  completely  sur- 
rounded by  iron  whose  direction  of  magnetic  polarization  is  rapidly 
changed,  the  highest  inductive  eflfect  is  thereby  produced  in  the 
secondary  coil. 

The  variations  in  the  intensity  of  the  induced  currents  will,  of 
course,  be  followed  by  variations  in  the  intensity  of  the  light  emitted 
by  the  lamp.  The  movement  of  the  core  may,  therefore,  be  made 
to  increase  or  decrease  the  intensity  of  the  light. 


THE    EFFECT    OF    CONTINUED   AND   PROGRESSIVELY 
INCREASING  STRAIN  UPON  IRON. 

By  Charles  Huston. 


I  have  observed  repeatedly  when  a  piece  of  iron  was  subjected  to 
heavy  strain  in  the  testing  machine,  sufficient  to  produce  more  or  less 
elongation,  that  if  the  strain  was  kept  up  for  some  time,  say  24 
hours  or  more,  the  iron  underwent  a  change  in  its  character.  This 
change  was  shown  in  the  fact  that  although  an  increase  of  elongation 
had  been  produced  with  each  addition  of  1000  lbs.  to  the  square  inch 
when  applied  without  much  interval,  after  the  lapse  of  24  hours  it 
required  5000  lbs.  to  develop  further  elongation. 

In  order  to  investigate  this  subject  with  some  system,  I  took  five 
pieces  from  the  same  plate  of  bridge  iron  dewgnated  in  the  following 
table  by  Nos.  188,  189,  194,  195,  196.     To  enable  the  reader  fully 
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to  understand,  however,  the  details  of  the  experiments,  it  is  necessary 
to  explain  the  apparatus  used.  The  testing  machine  used  was  made 
by  the  E.  &  T.  Fairbanks  Co.,  the  strain  being  produced  by  the 
screw,  which  I  prefer  because  the  power  is  positive,  and  whatever 
strain  is  developed,  can  be  maintained  for  any  length  of  time  without 
the  variation  liable  to  occur  from  the  leaking  or  other  defects  of  the 
pump.  The  apparatus  used  for  measuring  the  elasticity  and  permanent 
set,  was  devised  by  myself,  and  now  under  the  control  of  the  E.  &  T. 
Fairbanks  Co.,  is  shown  in  the  accompanying  figure. 

Ay  Figs.  1  and  2,  represents  the  test-piece  supposed  to  be  fastened 
in  the  testing  machine ;  £  is  a  clamp  which  is  attached  to  the  test- 
piece  between  a  knife-edge  and  a  steel-pointed  screw,  thus  establishing 
a  fixed  point  at  a  on  the  test-piece ;   C  is  another  clamp  similar  to  S, 

Fig.  1 


and  establishing  another  fixed  point  on  the  test-piece  at  b ;  the  clamp  (7, 
however,  carries  a  long  arm  i>,  which  has  at  its  outer  end  a  gradu- 
ated arc  divided  into  inches,  and  each  inch  divided  into  25  parts. 
Attached  to  the  clamp  C  is  the  post  H,  which  rises  underneath  the 
clamp  B  as  near  as  possible,  without  contact ;  resting  on  this  post 
is  the  indicator  M,  with  a  knife-edge  bearing.  Figs.  1  and  3,  and 
measuring  \  inch  in  length  at  the  short  end,  and  10  inches  at  the 
long  end,  the  short  end  resting  in  contact  with  the  under  side  of  the 
clamp  B.  When  everything  is  properly  adjusted,  the  length  of  the 
test-piece  embraced  between  the  two  clamps  should  be  just  2  inches ; 
it  is  manifest,  therefore,  that  any  increase  or  decrease  of  distances 
between  the  points  a  and  6,  will  cause  the  end  of  the  indicator  to  fall 
or  rise  on  the  scale  E^  and  with  the  measurements  above,  give  an  elon- 
gation of  the  test-piece  between  a  and  6,  of  ^^  of  an  inch,  will  cause 
the  indicator  to  fall  one  degree  on  the  scale. 
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When  using  this  little  apparatus,  we  shall  find  the  moment  we  put 
any  strain  upon  the  test-piece  it  lengthens,  but  if  the  load  is  not 
made  too  great,  the  piece  will  contract  fiq.  2. 

to  its  original  length  on  the  removal  of 
the  load  ;  this  property  I  have  named  /Qm  ~ 
the  elasticity*  When,  however,  the  ^^ 
indicator  fails  to  return  to  its  original 
position,  it  is  an  evidence  that  there  has  been  a  disturbance  of  the 
particles  of  the  iron,  and  we  then  have  two  measurements :  1,  the 
degree  of  elasticity  as  above,  and,  in  addition,  the  next,  2,  degree 
of  permanent  set^  measured  by  the  number  of  degrees  the  indicator 
fails  to  return  after  the  load  has  been  removed. 

With  this  explanation,  therefore,  I  return  to  the  five  test-pieces 
named  above. 

These  were  placed  in  the  machine,  and  a  record  of  both  elasticity 
and  permanent  set  kept  with  each  increase  of  1000  lbs.  to  the  square 
inch  of  load,  beginning  at  10,000  lbs.,  but  as  the  record  below  the 
point  of  permanent  set  is  not  of  practical  value,  I  have  prepared  the 
accompanying  table  and  strain  diagram,  beginning  at  27,000  lbs.,  the 
lowest  point  at  which  any  of  the  specimens  took  permanent  set.  In 
the  strain  diagram  there  is  no  account  taken  of  the  elasticity,  but  only 
of  the  permanent  set. 

In  specimen  No.  188,  as  will  be  observed,  permanent  set  took  place 
at  31,000  lbs.,  and  the  load  was  increased  1000  lbs.  at  a  time,  without 
interruption,  until  the  piece  was  broken ;  in  the  strain 
diagram,  however,  the  elongation  is  not  carried  beyond 
'^  '030,  that  being  the  extent  to  which  the  little  apparatus 
could  measure ;  the  total  elongation,  however,  together 
with  the  tensile  strength  and  contraction  of  arej^^at  point  of  fracture, 
are  given  at  the  foot  of  the  table. 

The  next  specimen,  No.  196,  took  permanent  set  at  27,000  lbs., 
and  was  then  kept  at  that  strain  for  24  hours ;  1000  lbs.  additional 
were  then  added,  without  increased  permanent  set ;  another  1000  lbs. 
were  then  added,  and  the  permanent  set  was  increased  as  before. 
This  head  (29,000  lbs.)  was  then  maintained  for  24  hours,  at  the  end 
of  which  time  another  1000  lbs.  were  added,  with  no  change,  but 
when  the  next  1000  lbs.  were  put  on,  it  again  elongated,  and  then 

*  The  inherent  property  in  bodies,  by  which  they  recover  their  former  figure  or 
dimensions  after  the  removal  of  the  external  pressure  or  altering  force. — Webstke. 
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kept  at  that  strain  for  24  hours,  when  the  same  process  of  increase  of 
1000^  lbs.  at  a  time  was  gone  through  with,  showing  no  change  with 
•the  first  1000  lbs.,  but  an  elongation  at  2000  lbs.,  until  I  reached 
47,000  lbs.,  when  an  increase  of  2000  lbs.  produced  no  change,  but 
at  49,000  lbs.  it  again  elongated,  beyond  the  capacity  of  the  instru- 
ment for  measuring,  and  broke,  with  the  record  given,  at  the  foot  of 
the  table. 

The  next  piece.  No.  195,  was  loaded  to  30,000  lbs.,  without  per- 
manent set,  and  kept  at  that  for  24  hours ;  it  was  then  loaded  1000 
lbs.  at  a  time  to  33,000  lbs.,  still  no  change ;  after  24  hours,  it  Was 
again  loaded  1000  lbs.  at  a  time,  with  no  change  until  I  reached 
36,000  Ibg.,  when  elongation  took  place,  and  the  machine  was  kept  in 
equilibrium  until  stretching  ceased ;  it  was  then  kept  for  24  hours, 
when  1000  lbs.  were  added  at  a  time,  with  no  change  until  I  reached 
39,000  lbs.,  and  so  after  the  expiration  of  24  hours,  it  required  an 
increment  of  3000  lbs.  each  time  to  increase  the  permanent  set. 
After  completing  the  experiment,  as  shown,  the  next  piece,  No..  194, 
was  taken  and  loaded  to  30,000  lbs.,  with  no  change ;  after  24  hours 
it  was  again  loaded  1000  lbs.  at  a  time  to  34,000  lbs.,  still  no  change; 
next  day  the  load  was  again  increased  1000  lbs.  at  a  time,  and  no 
change  until  I  reached  38,000  lbs.,  and  each  succeeding  day  it  took 
4000  lbs.  to  develop  an  increase  of  permanent  set. 

The  next  piece.  No.  189,  was  then  taken  and  loaded  to  30,000 
lbs.,  with  no  change ;  the  next  day  to  35,000  lbs.,  and  no  change ; 
the  next  day  again,  no  change  until  I  reached  40,000  lbs.,  and  each 
succeeding  day  it  required  5000  lbs.  to  increase  the  permanent  set. 
These  results  are  very  curious,  and  I  fear  will  be  diflScult  to  believe, 
and,  of  course,  must  necessarily  be  taken  cum  grano  aalis  until  con- 
firmed by  repeated  tests ;  but  if  they  are  true,  it  would  seem  as 
though  a  piece  of  iron  might  be  loaded  just  beyond  its  so-called 
elastic  limit,  as  in  test-piece  No.  196,  and  preserve  its  ductility  or 
toughness  so  as  to  yield  with  every  small  increase  of  load ;  but  that 
if  you  load  a  piece  to  very  nearly  its  so-called  elastic  limit,  and  keep 
it  there,  it  will  become  rigid  and  not  elongate  without  a  very  decided 
increase  of  load,  as  shown  by  specimen  No.  189 ;  and  it  is  admitted, 
I  believe,  by  all  engineers,  that  if  you  destroy  the  ductility  of  iron 
and  subject  it  to  concussion  while  under  strain,  it  is  very  apt  to 
break. 

LuKENs'  Rolling  Mills,  Coatesville,  Chester  Co.y  Pa.j  Dec.  1th,  1878. 
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THE  JANNEY  CAR-COUPLER. 

From  the  Secretary's  Report  at  the  meeting  of  the  Franklin  Institute,  Dec.  18th,  1878. 


Large  sums  of  money  and  a  great  amount  of  time  have  been  spent 
in  endeavors  to  devise  a  perfect  system  of  connecting  the  cars  of 
passenger  railway  trains,  but  the  requirements  are  so  numerous,  and 
the  difficulties  to  be  overcome  so  great,  that  much  the  larger  number 
of  the  eflForts  in  this  direction  have  proved  failures. 

The  car-coupler  invented  by  Mr.  E.  H.  Janney,  together  with  his 
automatic  and  double-acting  compressing  device,  as  applied  to  equal- 
izing side-buflFers,  as  shown  in  the  accompanying  figure,  constitute  a 
most  complete  system  f6r  this  purpose,  and  one  which  is  meeting  with 
much  favor  with  some  of  our  leading  railroads. 

Fig.  1. 


Fig.  1  is  a  top  view  of  two  couplers,  represented  as  approaching 
each  other  for  coupling. 

In  Fig.  2  two  couplers  are  united;  one  in  section,  to  show 
the  internal  arrangement  of  the  parts. 

Fig.  3  represents  the  knuckle,  -B,  which,  when  in  proper  position, 
serves  to  hold  the  two  couplers  together. 

Fig.  4  represefits  a  plan  of  the  platform,  with  the  coupler,  com- 
pressing device  and  side-buffers  attached. 

Fig.  5  represents  a  sectional  and  Fig.  6  an  end  view  of  same. 

The  knuckle,  -B,  represents  a  pinion  with  two  teeth,  B'  and  -B" 
(the  other  teeth  of  the  series  being  dispensed  with)  and  the  drawhead, 
Ay  and  tooth  or  nose,  -B'',  of  the  other  coupler  representing  the 
ra2k.  When  the  couplers  are  forced  together,  the  teeth  engage  each 
other,  the  hub  revolves,  and  the  long  tooth,  B'  is  carried  around 
into  a  locking  position;   the  catch,  (7,  being  forced   back  by  the 
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circular  end  of  the  tooth,  B\  in  passing,  after  which  the  catch  is 
returned  to  its  locking  position  by  the  catch-spring. 

The  action  in  coupling  is  similar  to  a  pinion,  being  revolved  by 
the  rack,  or,  when  both  knuckles  are  thrown  open,  to  two  pinions 
passing  each  other  and  turning  on  their  axes. 

The  uncoupling  is  eflfected  by  throwing  over  the  platform  lever, 
Jtf,  Fig.  6,  which  in  turn  forces^  around  the  coupler-lever,  D,  Fig.  2, 
and  catch  (7  back,  so  as  to  allow  the  tooth,  5',  to  revolve  outward. 

Fig.  2. 


It  will  be  observed  that  the  two  couplers,  when  united,  form  a 
perfect  and  closely-fitting  knuckle-joint,  and  therefore  give  perfect 
freedom  in  curving,  without  either  lateral  or  longitudinal  lost  motion. 
It  will  also  be  noticed  that  the  guard-arms  extend  beyond  the  head 
of  the  opposite  coupler,  and  thus  absolutely  prevent  accidental  un- 
coupling; while,  from  their  shape,  they  serve  to  guide  the  parts 
into  coupling  position  as  they  approach  each  other. 

The  buflfers,  F^  Figs.  5  and  6,  are  attached  at  their  rear  ends  to  an 
equalizing  bar,  which  makes  the  compression  on  each  bufier-head, 
equal  under  all  circumstances. 

Pig.  3.  The   equalizing-bar,    J7,   is   pivoted,   at   its  ' 

centre,  to  the  clevis,  J, which  in  turn  is  pivoted 
to  the  yoke-lever,  J",  and  the.  yoke-lever  con- 
nected to  the  horn,  i,  by  means  of  the  clevis^ 

iq      \   ij  K,    The  yoke-lever  is  pivoted  midway  between 

V^  U     the  pivot  point  of  clevis  7,   and  its  point  of 

*— ■  contact  with  the  lower  end  of  horn  i,  below 

the  coupler ;  hence  its  movement  must  be  in  the  arc  of  a  circle.  It 
will  be  seen  that  the  clevis,  J,  is  pivoted  at  almost  double  the  distai^pe 
from  the  yoke-lever  pivot  point,  as  the  clevis,  JT,  and  therefore,  in  a 
forward  movement,  would  travel  nearly  twice  the  distance. 
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The  object  of  this  combination  is  to  increase  the  compression  on 
each  buifer-head  as  the  cars  move  from  their  normal  position  in  either 
direction,  and  to  keep  them  in  close  contact,  under  all  circumstances, 
without  the  use  of  heavy  buffer-springs,  or  extending  the  buffers  out 
so  far  before  a  coupling  is  effected,  both  of  which  methods  are 
objectionable,  and  do  not  accomplish  the  object  sought.  The  opera- 
tion is  as  follows : 

Fig.  4. 


The  buffer-heads  stand  out,  before  a  coupling  is  effected,  about  1 
inch  beyond  the  inside  face  of  the  coupler-knuckle,  and  have  to  be 
forced  back  that  distance  to  make  the  coupling,  which  requires  about 
1000  lbs.  pressure  on  each  buffer-head. 

When  the  train  is  started,  the  coupler-draft  springs,  0  and  Ny 
yield,  allowing  the  coupler  to  be  drawn  out,  and  with  it,  by  means  of 
the  intermediate  connection  heretofore  described,  the  equalizer,  but 
at  an  increase  motion  over  the  coupler  in  proportion  to  the  difference 
in  the  distance  between  the  pivot  points  of  clevises  I  and  K  from  the 
pivot  centre  of  the  yoke-lever,  which  increase  is  provided  for  by  the 
compression  of  the  buffer-springs,  G^. 
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It  will  be  understood,  therefore,  that  if  the  compression  at  the 
start  is  equal  to  1  inch,  and  the  movement  of  the  equalizer  over 
the  coupler  is  at  the  rate  of  nearly  2  to  1,  when  the  coupler  has 
traveled  2  ins,,  the  equalizer  will  have  traveled  nearly  4  ins.,  thereby 
increasing  the  compression  on  the  buflfer-springs,  Q-^  2  inches,  making 
8  inches  in  all. 

The  same  is  true  in  buffing,  except  that  the  increase  is  more  rapid. 
The  platforms  being  about  2 J  inches  apart,  there  can  only  be  a  move- 
ment on  the  part  of  each  of  1|  inches  before  they  touch.  In  this 
movement  the  buflfers  are  forced  back  on  the  springs,  fl^,  to  that 
extent  which,  in  addition   to  the  first  inch  gained  in  coupling  up, 

Fig.  6. 


makes  2\  inches.  While  this  movement  is  going  on,  however,  the 
lower  end  of  the  horn,  i,  being  firmly  mortised  into  the  coupler  and 
moving  with  the  same,  has,  by  its  contact  with  the  yoke-lever,  rocked 
the  same  on  its  pivot,  throwing  forward  the  equalizer  1|  inches,  thus 
producing  in  all  about  3  inches  compression  by  the  time  the  platforms 
have  touched.  In  addition  to  this  resistance  (the  object  of  which  is 
to  prevent  the  butting  of  the  platforms  except  in  case  of  collision)^ 
the  spring,  N^  which  acts  in  the  two-fold  capacity  of  buffer  and  draft,, 
is  shortened,  so  as  to  limit  its  movement  to  1^  inches,  and  enable  its 
full  resisting  power  to  be  utilized  in  this  movement. 

To  overcome  the  increased  difficulty  in  starting  trains,  caused  by 
shortening  said  spring,  another  and  lighter  spring,  0,  is  added, 
which,  when  the  draft  is  applied,  yields  first. 

By  this  arrangement  the  inertia  in  starting  heavy  trains  is  much 
more  easily  overcome  than  by  the  ordinary  8  in.  draft  springs. 

The  brace,  (7,  Fig.  5,  is  designed  to  sustain  the  platform,  and  is 
admirably  adapted  for  this  purpose. 

The  construction  of  the  intermediate  mechanism  is  such  that  no 
amount  of  pressure  upon  the  buffer-heads  produces  any  counter- 
action on  the  draft-springs,  0  and  N. 

Wholb  No.  Vol.  CVn.— (Third  Series,  Vol.  Ixxvii.)  4 
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Some  of  the  advantages  of  this  improvement  have  been  referred 
to  in  the  foregoing  description,  bat  there  are  others  which  deserve 
special  mention. 

It  is  claimed  for  this  device,  that  by  its  use  telescoping  is  more 
effectually  prevented  than  by  the  use  of  any  other,  and  for  the  fol- 
lowing reasons : 

In  addition  to  the  platforms  being  elevated  to  a  line  with  the  sills 
of  the  car-bed,  they  are  brought  and  kept  in  closer  contact,  making 
of  the  entire  train  one  elastic  structure.     Besides,  the  couplers  being 

Fig.  6. 


closely  interlocked,  and  acting  constantly  so  as  to  sustain  each  other 
against  lateral  movement,  the  platforms  are  prevented  ffom  sliding 
by  each  other  or  buckling,  as  is  the  tendency  in  collisions.  Practical 
demonstration  has  been  had  of  this  in  several  collisions  that  have 
occurred,  and  where  no  damage  or  injury  was  sustained. 

Another  advantage  possessed  by  this  improvement  (the  absence  of 
which  would  have  been  fatal  to  its  adoption  by  the  roads  now  using 
it)  is  that  under  no  circumstances,  it  is  believed,  can  the  train  part 
accidentally.  Experiments  were  made  to  test  this  fact,  in  the  fol- 
lowing manner.  The  two  rails  of  the  track  were  cut  and  elevated 
about  2  feet  above  the  track  level  (triangular  blocks  of  equal  sides 
being  used  to  aid  the  wheels  in  mounting  and  descending),  and  the 
train  run  back  and  forth  over  the  obstruction  a  number  of  times, 
without  parting  or  any  injury  resulting. 

An  accident  occurred  to  a  train  of  five  cars  running  at  the  rate  of 
fifty  miles  per  hour,  in  which  the  truth  of  the  foregoing  was  fully 
established.  The  middle  car  in  the  train,  in  passing  a  curve,  was 
thrown  from  the  track  and  toppled  over  to  an  angle  of  nearly  45°, 
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and  held  by  the  coupler  in  this  condition  until  the  train  could  be 
stopped,  when  it  was  found  that  the  body  bolts  and  axle  were  bent, 
but  this  car  with  its  fifty  passengers,  as  well  as  the  whole  train, 
saved  from  complete  destruction  by  this  improvement,  which  was 
found  still  to  be  in  perfect  condition. 

The  reasons  for  this  will  be  understood  when  it  is  noticed  that  the 
coupler  of  one  car  extends,  and  always  remains,  under  the  opposite 
platform,  and  vice  versa;  consequently,  neither  platform  can  fall 
below  the  coupler  of  the  opposite  car. 

Still  another  advantage,  is  that  by  the  peculiar  construction  of  the 
coupler,  being  a  closely-fitting  joint  and  without  longitudinal  or 
lateral  play,  the  unpleasant  oscilation  or  swinging  of  the  platforms 
in  opposite  directions  is  overcome,  thereby  adding  greatly  to  the 
comfort  as  well  as  safety  in  running  trains. 

There  can  be  no  doubt  whatever,  that  greater  steadiness  and 
smoothness,  as  well  as  more  perfect  security,  is  obtained  by  the  use 
of  this  improvement,  than  has  been  heretofore. 

Its  adoption,  as  a  whole,  by  the  Pennsylvania  Railroad  for  its 
main  line  and  all  the  lines  it  operates  or  controls,  and  by  the  Penn- 
sylvania Company  for  its  immense  system  west  of  Pittsburg,  after 
a  thorough  and  exhaustive  test  covering  a  period  of  nearly  four 
years,  is  sufficient  of  itself  to  indicate  its  importance  and  value. 


SELF-LUMINOUS    CLOCK    DIALS. 


By  Hbnry  Morton,  Ph.  D., 

President  of  the  Stevens  Institute  of  Technology. 


My  attention  having  been  drawn  to  the  "luminous  clocks ''  which 
have  recently  been  oflFered  for  sale  in  several  places,  I  made  an 
analysis  of  the  substance  with  which  their  dials  are  coated,  and  found 
it  to  consist  of  nothing  but  the  well-known  phosphorescent  compound, 
sulphide  of  calcium,  attached  by  means  of  some  resinous  medium, 
like  varnish. 

But  while  the  ms^terial  in  its  composition  is  far  from  novel,  some- 
thing or  other  in  its  method  of  manufacture  and  consequent  condi- 
tion, gives  it  such  intensity  of  properties  as  has  never  been  approached 
before. 
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In  the  cabinet  of  the  Stevens  Institute  are  numerous  specimens  of 
phosphorescent  powders  (sulphides  of  calcium,  barium,  and  strontium), 
which  represent  the  best  products  heretofore  obtained.  These,  if 
exposed  to  strong  sunlight  or  to  an  electric  discharge,  or  the  like, 
will  glow  for  many  minutes  in  the  dark. 

One  of  these  clocks,  however,  I  found  would  continue  to  glow  with 
sufficient  brightness  to  be  visible  across  a  room  all  night,  and  could 
be  read  at  any  time  if  approached  closely. 

After  being  shut  up  in  a  box  for  five  days,  this  clock  was  still 
visible  in  total  darkness,  when  the  eyes  had  been  rendered  sensitive 
by  remaining  in  the  dark  for  a  few  minutes. 

This  clock  dial  is  also  readily  "  excited  "  by  lamplight  or  gaslight, 
or  indeed  by  any  source  of  light  containing  rays  above  the  yellow  of 
the  spectrum. 

The  light  from  a  Bunsen  burner  with  soda  in  the  flame,  if  filtered 
through  yellow  glass,  will  not  excite  it  however,  but  if  the  yellow 
glass  is  omitted,  the  blue  rays  of  the  Bunsen  burner  flame  will  serve 
to  excite  the  phosphorescence  of  this  remarkable  material. 

The  cause  of  this  action  is  believed  to  be  somewhat  as  follows : 
When  light  falls  on  certain  bodies,  its  vibrations  cause  molecular 
changes  which  are  not  permanent,  but  are  only  maintained  by  the 
action  of  the  ''exciting"  vibrations,  somewhat  as  a  mass  of  plastic 
substance  can  be  kept  in  a  soft  condition  by  constant  stirring.  When 
the  exciting  cause  is  removed,  the  molecules  return  to  their  normal 
positions,  and  in  so  doing,  set  up  vibrations  which  are  the  cause  of 
light,  very  much  as  the  solidifying  of  water  evolves  heat. 

Thus  these  bodies,  when  exposed  to  daylight,  absorb  as  it  were  the 
light  energy,  and  re-emit  the  same  afterwards. 

The  phosphorescent  property  of  sulphide  of  calcium  has  been 
known  since  1768,  when  Canton  prepared  it  by  heating  together 
intensely  for  an  hour,  three  parts  of  calcined  oyster-shells,  with  one 
part  of  sulphur.  Its  properties  in  this  relation  have  been  elaborately 
studied  by  Becquerel,  who  published  his  researches  in  the  Annale» 
de  Chimie  et  de  Fhyaique^  and  has  also  devoted  a  large  part  of  the 
first  volume  of  his  book,  "La  Lumi^re,*'  to  this  subject.  He  found 
that  by  employing  lime  in  difierent  forms,  such  as  Iceland  spar, 
marble,  oyster-shells,  aragonite,  etc.,  products  emitting  different 
colors  by  phosphorescence,  such  as  orange,  yellow,  green,  blue  and 
violet,  were  obtained. 
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The  light  given  out  by  these  clocks  is  a  violet  blue,  like  that  which 
IBecquerel  produced  with  aragonite,  but  Becquerel  makes  no  mention 
of  anything  whose  duration  of  luminosity  approaches  that  of  these 
clock  dials. 

In  making  up  some  of  these  preparations,  I  have  noticed  that 
out  of  the  same  batch,  some  portions  will  glow  by  phosphorescence 
much  more  brightly  than  others,  so  that  evidently  this  difference 
depends  upon  some  very  small  structural  or  molecular  variation,  and 
there  can  be  little  doubt  that  it  is  by  some  method  of  securing  a 
desirable  condition  of  this  sort,  that  the  remarkable  elSciency  in  these 
clock  dials  is  attained. 

If  still  further  advances  should  be  made  in  this  direction,  it  is  easy 
to  imagine  some  very  wonderful  results,  before  which  even  Mr. 
Edison's  new  electric  burner  will  fade  into  insignificance. 

Thus,  if  our  walls  were  painted  with  such  a  substance,  they  would 
absorb  light  enough  during  the  day  to  continue  luminous  all  night, 
and  thus  render  all  sources  of  artificial  light  useless,  superseding  even 
the  new  electric  burners,  no  matter  how  little  they  might  cost,  for  it 
would  then  only  be  necessary  to  provide  curtains,  which  could  be 
drawn  over  the.  walls,  like  shades  over  windows,  when  darkness  was 
desired.  The  coloring  of  houses  on  the  outside  with  a  like  material 
would  also  evidently  obviate  the  need  of  all  street-lamps. 

I  do  not,  like  some  of  Mr.  Edison's  friends,  in  reference  to  his  new 
electric  burner,  expect  that  this  still  more  remarkable  and  economical 
source  of  light  is  certain  very  shortly  to  displace  gas  and  all  other  * 
Bourcesof  artificial  illumination,  but  if  conjectures  are  to  be  the  order 
of  the  day,  I  do  not  see  why  this  conjecture  is  not  as  good  as  many 
others  which  have  been  made. 

Seriously,  this  new  form  of  the  phosphorescent  sulphide  of  calcium, 
made  of  the  cheap  materials,  sulphur  and  lime,  is  a  truly  wonderful 
substance,  which  may  well  suggest  strange  possibilities  for  the  future. 


Composition  of  Elements. — By  reasoning  from  analogies  fur- 
nished by  the  action  of  known  compounds,  Lockyer  finds  evidence 
that  many  of  the  supposed  chemical  elements  are  really  compound. 
He  has  devoted  three  years'  careful  research  to  a  comparison  of 
chemical  spectra  with  spectra  of  various  heavenly  bodies. — Oomptes 
Rendus,  G. 
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Q  /I^C<^^^*'C^    ^^-/^^^c.',     o^<>/:-^^^^- 

THE   WATER-SUPPLt   OF  THE  KINGDOM  OF 
WURTEMBERG. 

Although  we  live  in  a  comparatively  new  country,  where  few 
streams  are  as  yet  seriously  polluted  by  a  dense  population,  or  by 
manufacturing  industries,  we  have  already  begun  to  feel  the  disad-^ 
vantage  of  the  individual  action,  with  reference  to  water-supply  and 
sewerage,  of  different  towns  in  the  same  drainage-area  or  river-basin. 
The  diflSculties  increase  in  proportion  as  a  country  becomes  more 
densely  populated,  and  it  is  easy  to  explain  the  great  interest  which 
has  been  excited  in  England  by  the  congress  lately  held  under  the 
auspices  of  the  Society  of  Arts,  at  the  suggestion  of  H.  R.  H.,  the 
Prince  of  Wales,  to  consider  the  question  of  the  "National  Water- 
Supply/' 

It  is  true  that  the  State  legislatures  exercise  a  general  control 
over  the  establishment  of  water-works,  but  any  one  who  has  watched 
the  passage  of  a  bill  through  the  legislature  or  the  legislative  com- 
mittee, knows  the  variety  of  interests  which  determine  the  advocating^ 
or  the  opposing  of  such  a  scheme.  It  would  be  of  great  present 
advantage,  if  there  were  in  each  State  some  central  authority  charged 
with  the  general  oversight  of  the  available  sources  of  water-supply* 
That  something  of  the  kind  will  eventually  prove  necessary,  admit* 
of  little  doubt.  In  this  connection  something  may  be  learned  from 
the  experience  of  the  Kingdom  of  Wurtemberg,*  which,  as  it  has  an 
area  of  about  7500  square  miles,  may  be  compared,  as  far  as  to  size, 
with  the  State  of  Massachusetts. 

In  the  year  1869,  there  was  created,  in  the  Kingdom  of  WUrtem- 
berg,  a  new  office,  that  of  "  Staats-Techniker  fUr  offentliche  Wasser-^ 
werke.*'  It  was  made  the  duty  of  the  Staats-Techniker  to  superin- 
tend the  planning  and  construction  of  all  public  works  for  the 
utilization  of  the  available  river  and  spring  waters,  and  to  advise,  in 

*  Das  offentliche  Wasser-Versorgungsvvesen  im  Konigreich  Wurttemberg.  Denk- 
schrift  aus  Anlass  der  internationalen  Ausstellung  fiir  Gesundheitspflege  und  Ret- 
tungswesen  in  Brussel  verfasst  von  Oberbaurath  v.  Ehmann.  Stuttgart,  1876.  4to, 
pp.  137. 

This  work  being  printed  for  private  distribution  only,  is  not  readily  obtained. 
Abstracts  are  to  be  found  in  the  Correspondenzblatt  der  niederrheinischen  Vereins 
fiir  off.  Gesundheitspflege,  vi  (1877),  p.  99;  and  in  Grahn's  stadtische  Wasserversor- 
gung,  i,  pp.  4-9. 
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matters  of  water-supply,  the  local  authorities  of  any  village,  town  or 
city  within  the  kingdom, — this  advice  including  the  preparation  of 
plans  and  estimates,  and  being  without  cost  to  the  community  asking 
the  advice. 

The  first  to  fill  this  oflSce  was  the  present  incumbent.  Dr.  von 
Ehmann,  an  engineer  of  long  practical  experience,  and  well 
acquainted  with  the  local  conditions. 

The  extent  to  which  the  creation  of  such  an  office  met  a  felt  want, 
appears  from  the  statistics  which  follow. 

The  number  of  communities  availing  themselves  of  the  services 
of  the  Staats-Techniker  with  a  view  of  introducing  a  system  of 
water-supply,  was  as  follows: 


Urban. 

Rural. 

Total. 

During  the 

year  1870, 

70 

((      u 

"   1871-2, 

33 

61 

94 

((    (( 

'«  1878, 

13 

19 

32 

((    (( 

«   1874, 

16 

26 

41 

((    (( 

"  1875, 

16 

40 

66 

293 

Previous  to  1870,  works  had  been  constructed  for  supplying  45 
communities  with  water,  and  up  to  January  1,  1876,  there  have  been 
carried  out,  and  brought  into  actual  operation,  96  distinct  works,  in 
addition  to  those  undertaken  for  supplying  the  so-called  '^rauhe  Alb,'' 
to  which  allusion  will  presently  be  made ;  so  that,  during  a  period  of 
ten  years,  130  localities,  or  one-fourth  of  the  entire  number  in  the 
kingdom  had  been  supplied  with  water. 

The  most  interesting  part  of  the  work  has  been  the  supplying 
water  for  the  "  rauhe  Alb."  This  district,  which  lies  from  750  to 
800  metres  above  the  level  of  the  sea,  and  some  300  metres  above 
the  surrounding  low  lands,  has  a  width  of  some  33  kilometres,  and  is 
of  such  a  geological  character  that  the  rain-fall  quickly  disappears  in 
the  clefts  of  the  limestone  or  dolomitic  rock,  and  does  not  appear 
again  in  springs  within  the  region.  The  surface  and  rain-water  col- 
lected by  the  inhabitants  in  cisterns  and  in  puddled  cavities  in  the 
ground,  was  not  only  inferior  in  quality,  but  so  insufficient  in  quantity 
that  often  in  cold  or  dry  weather  it  was  necessary  to  bring  water 
from  the  valley  below,  a  distance  of  from  2  to  12  kilometres. 

The  plans  for  supplying  this  district,  containing  between  60  and  70 
villages,  with  some  40,000  inhabitants  scattered  over  an  area  of  22 
square  miles,  were  devised  by  Dr.  v.  Ehmann,  and,  although  at  first 
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there  was  some  opposition,  principally  on-  account  of  the  attendant 
expense,  the  plans  were  finally  adopted,  and  have  been  already 
carried  out  to  a  considerable  extent,  generally  with  aid  from  the 
State. 

The  villages  are  divided  into  9  groups,  each  group  forming  a  unit 
for  purposes  of  water-supply.  The  water  is  taken  partly  from 
natural  springs  in  the  lower  land,  and  partly  from  the  ground-water 
by  means  of  wells  and  galleries,  and  is  pumped  by  water-power  to 
the  plateau  above. 

The  height  to  which  the  water  has  to  be  forced  in  order  to  reach 
the  various  distributing  reservoirs,  as  well  as  other  details,  may  be 
learned  from  the  following  table : — 


No.  of 

commu- 

Group.    nities. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 


Amt.  of     Height  to 
Total      water     which  water 
inhab-    in  cubic    Is  lifted  In 
itants.    metres       metres. 

per  day. 


8 

8 

8 

9 

7 

9 

6* 

4 


7526 
7600 
3600 
3700 
3800 
1700 
2000 
4300 
2900 


600 
670 
270 
280 
280 
130 
170 
300 
200 


266 

300 
180-265 
117-200 

320 

180 
220-230 

200 
173-230 


Length  of 
mains  in 
metres. 

34,000 
50,000 
30,000 
32,000 
60,000 
28,000 
30,000 


Source  of 
water. 

Springs. 

Ground-water. 

Ground-water. 

Springs. 

? 

Springs. 

Springs. 


26,000        Springs. 


Besides  bearing  the  expense  of  the  preliminary  surveys,  of  the 
plans,  and  of  the  superintendence  of  the  work,  the  State  contributed 
in  some  cases  25  per  cent,  of  the  cost  of  construction,  and  the  work 
iiad  progressed  so  far,  that,  at  the  time  of  the  last  published  report 
— the  summer  of  1876 — five  of  the  groups,  comprising  34  villages, 
with  17,010  inhabitants,  were  provided  with  a  supply  of  water 
amounting  to  1232  cubic  metres  per  day.  The  total  length  of  pipe 
laid,  up  to  that  time,  was  144,000  metres. 

While  the  problem  of  supplying  a  district  of  such  size  with  water, 
which  must  be  raised  vertically  to  a  height  of  from  200  to  300  metres, 
and  where  the  force-mains  are  from  3  to  10  kilometres  in  length,  is 
an  interesting  one  to  engineers,  the  cooperative  idea,  by  which  the 
various  villages  and  towns  are  treated  as  parts  of  one  whole,  is  inter- 
esting to  all  who  are  engaged  in  matters  of  water-supply.     W.  R.  N. 

*  In  this  district  a  portion  only  of  the  villages,  namely,  three,  were  supplied  with 
water. 
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Geological  Belations  of  the  Atmosphere.— T.  Sterry  Hunt 
has  investigated  the  geological  bearings  of  the  hypothesis  of  a  uni- 
versal atmosphere,  which  was  proposed  by  Sir  William  Grove,  in 
1848.  He  believes  that  the  carbonic  acid,  which  is  included  in  the  cal- 
careous and  dolomitic  rocks,  must  have  had  an  extra  terrestrial  origin, 
and  that  such  an  origin  can  be  readily  accounted  for,  by  supposing  that 
our  atmosphere  is  part  of  a  universal  cosmical  medium,  which  is  con- 
densed around  centres  of  attraction  in  proportions  depending  on  their 
masses  and  temperatures,  and  occupying  all  the  interstellar  spaces 
in  a  state  of  extreme  rarefaction.  Many  considerations  go  to  show 
that  the  atmospheric  changes  did  not  permit  a  glacial  temperature  at 
the  sea-level  until  towards  the  end  of  the  tertiary  epoch.  Matthieu 
Williams  used  the  same  hypothesis,  in  1870,  to  account  for  solar 
heat,  and  Hunt  employed  it,  in  1874,  to  explain  the  origin  of  nebulae 
and  the  generation  of  elements  by  a  cosmical  chemistry,  in  accord- 
ance with  the  ideas,  of  F.  W.  Clarke  and  Lockyer. — Oomptes  Mendus, 

C. 

FresC^rvation  of  Iron. — Capt.  Bourdon  has  devised  simple 
forms  of  apparatus  for  coating  iron  with  BarlTs  magnetic  lacker- 
In  the  course  of  his  experiments  he  found  that  the  coat  of  oxide 
could  be  formed  by  the  air,  in  the  following  manner ;  The  serpen-' 
tine  part  of  a  sheet-iron  reservoir,  communicates  with  air  which  is 
heated  to  120°  (248°  F.).  The  current  of  hot  air',  after  circulating 
through  the  serpentine,  reaches  the  cylinder  which  contains  the 
articles  to  be  lackered.  The  escape-spout  communicates  with  a  water- 
aspirator  regulating  the  flow  of  air,  which  should  be  very  gentle. 
The  internal  pressure  is  little  more  than  one  atmosphere,  the  appar- 
atus being  in  communication  with  the  open  air.  The  temperature  of 
the  air  in  the  cylinders  is  280°  (536°  F.) ;  the  operation  lasts  five 
hours,  giving  a  coat  five-hundredths  of  a  millimetre  thick  ('002  in.), 
of  a  beautiful  greenish  black,  resisting  the  action  of  fine  emery- 
paper  and  of  dilute  sulphuric  acid.  After  the  articles  are  taken 
from  the  cylinder,  they  are  rubbed  with  a  greasy  rag,  and  spots  are 
removed  by  fine  emery-paper  or  scouring-grass.  Spots  may  gen- 
erally be  avoided  by  suspending  the  pieces,  so  that  they  will  not 
touch  each  other  or  the  walls.  If  the  temperature  is  raised  to  about 
300°  (672°  F.),  a  thick  coat  is  secured,  but  it  is  apt  to  scale.  Articles 
thus  lackered  have  been  exposed  to  snow  and  rain  for  a  month 
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without  getting  any  spots  of  rust.  If  the  black  coating  is  removed  by 
emery-paper,  there  is  a  grayish  layer  on  which  rust  does  not  take  much 
hold;  the  spots  can  easily  be  removed  by  a  bit  of  hard  wood. 
Barff  has  observed  the  same  peculiarity  in  articles  which  have  been 
steam-lackered. — Ann.  des  P.  et  .Ohauss.  C. 

Night-Temperatures  at  Different  Altitudes.— It  is  often 
warmer  upon  mountains  than  in  valleys,  especially  in  severe  winters. 
M.  Alluard  has  found  evidences,  at  the  observatory  of  Puy-de-Dome, 
of  frequent  similar  inversions  at  night,  by  tracing :  1.  The  curves 
of  minimum  temperature,  in  the  two  stations  of  the  observatory. 
2.  The  curves  of  maximum  temperatures,  obtained  under  the  same 
circumstances.  3.  The  curves  of  the  mean  temperatures  of  the  two 
stations,  deduced  from  the  maxima  and  minima.  The  curves  of  mini- 
mum temperature  often  intersect,  in  summer  as  well  as  in  winter,  so 
that  the  summit  of  the  mountain  is  sometimes  5°  (9°  F.)  warmer 
during  the  night  than  the  base.  There  is  no  similar  intersection  in 
the  curves  of  maximum  temperature.  The  inversions  occur  most 
often  when  the  upper  and  lower  currents  are  from  different  quarters, 
but  sometimes  when  the  two  currents  have  the  same  direction. 
Further  observations  are  needed  in  order  to  find  the  cause  of  the 
anomaly. — Comptes  Bendus.  C. 

New  Lunar  Grater. — Dr.  H.  J.  Klein,  in  Cologne,  has  been 
watching  the  moon's  surface  with  special  care  for  about  twelve  years. 
Most  of  the  investigations  of  the  last  century,  by  Schroter,  Herschel, 
Madler  and  others,  have  failed  to  discover  any  active  volcano  in  the 
moon,  so  that  the  opinion  has  become  general  that  our  moon  is  a 
dead  world,  a  burnt  out  and  fossil  heavenly  body.  This  opinion 
must  now  be  given  up,  since  there  is  evidence  of  the  present  activity 
of  powerful  forces  upon  the  moon's  surface.  Dr.  Klein  has  discovered 
a  crater  near  the  centre  of  the  visible  hemisphere  westward  of 
Hyginus,  in  a  broad  level  plain,  appearing  at  the  time  of  the  first 
quarter  as  a  dark  shadowy  gulf  of  about  4,000  metres  (1*24  miles) 
diameter.  Its  inner  surface  exceeds  all  the  present  active  craters  of 
the  earth,  except  that  of  Kilauea  in  Hawaii.  Further  observations 
which  have  been  undertaken,  especially  in  England  and  America, 
will  doubtless  show  whether  its  activity  still  continues. — Deutsche 
Rundschau.  G. 
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Periodic  Movements  of  Flowers  and  leaves.— The  motions 
which  have  often  been  described,  under  the  names  of  the  sleeping  and 
the  waking  of  leaves  or  flowers,  may  be  referred  to  a  special  point, 
at  the  base  of  the  organ,  which  may  be  called  the  motor  tubercle. 
The  mechanism  consists  of  modifications  in  the  energy  with  which  this 
tubercle  supports  the  movable  organ,  an  energy  which  is  gradually 
restored  during  the  night,  and  gradually  exhausted  during  the  day. 
P.  Bert  has  shown  that  these  facts  may  be  explained  by  supposing 
the  alternate  formation  and  destruction,  in  the  tubercle  of  some 
substance  which  has  a  great  endosmotic  power.  Having  accumulated 
in  great  quantity  towards  the  end  of  the  day,  it  absorbs  the  water 
which  gives  the  nocturnal  tension,  while  its  gradual  diminution  during 
the  day  allows  gravitation  and  other  forces  to  require  an  ascendancy. 
This  material  is  formed  under  the  influence  of  the  red  and  yellow 
rays  of  the  solar  spectrum,  and  is  destroyed  in  darkness,  or  by  the 
action  of  the  blue- violet  region ;  its  collection,  its  formation  and  its 
absorption  of  water  reduce  the  temperature  of  the  motor  tubercle, 
which  is  colder  than  the  surrounding  air  and  than  the  contiguous 
points  of  the  stem.  By  a  series  of  ingenious  experiments  and  chem- 
ical analyses,  Bert  satisfied  himself  that  the  active  absorbing  ingre- 
dient is  grape-sugar,  which  is  prepared  in  the  leaflets,  under  solar 
action,  and  accumulates  towards  night  in  the  motor  tubercle.  The 
design  of  the  movements  seems  to  be,  to  reduce  the  evaporating 
surfaces  to  a  minimum.  Even  the  irritability  of  the  sensitive  plant 
is  a  protection  against  evaporation  by  the  wind,  which  is  the  only 
agent  that  often  disturbs  the  plant,  when  in  its  natural  conditions. 
The  common  impression,  that  changes  of  evaporation  play  an  import- 
ant part  in  the  movements,  seems  to  be  erroneous.  If  a  sensitive 
plant  is  completely  submerged,  the  spontaneous  motions  continue  for 
about  eight  days ;  the  only  difference  being  that  the  sleep  begins 
about  an  hour  earlier  and  ends  about  an  hour  later  than  usual.  The 
destruction  of  the  grape-sugar  goes  on  even  during  the  day,  under 
the  direct  influence  of  the  luminous  rays.  This  may  be  shown  by 
placing  a  drop  of  common  ink  on  the  tubercle  of  a  main  petiole  of  a 
sensitive  plant ;  the  leaf  immediately  bends  so  as  to  show  an  increase 
of  the  subjacent  energy.  A  drop  of  red  ink  produces  no  effect ;  but 
if  a  bit  of  India-ink  is  added,  the  petiole  gradually  moves,  as  the 
India-ink  dissolves. — Oomptes  Rendus.  C. 
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The  Sun's  Surface. — At  one  of  the  sessions  of  the  French  Asso- 
ciation, Janssen  described  the  apparatus  which  enabled  him  to  take 
photographs  .with  an  exposure  of  ^  ^  ^^^  ^  ^  of  a  second,  and  explained 
the  new  information  which  such  photographs  have  furnished  respecting 
the  upper  surface  of  the  photosphere.  The  polar  regions  are  covered 
with  a  general  granulation,  of  forms,  dimensions  and  distribution 
very  diflFerent  from  the  ideas  which  have  been  derived  from  optical 
examination.  Resemblances  to  willow-leaves,  rice-grains,  etc.,  may 
be  occasionally  traced  in  single  points,  but  the  prevailing  and  funda- 
mental form  is  spherical,  and  the  "grains"  appear  to  be  clouds  of 
dust  or  mist  floating  in  a  gaseous  medium.  The  luminous  intensity 
of  the  sun  resides  chiefly  in  a  few  points,  so  that  if  the  whole  surface 
was  as  bright  as  the  most  brilliant  portions,  its  luminosity  would  be 
increased  from  ten-  to  twenty-fold. — La  Nature.  0. 

Curious  Case  of  Heating. — M.  Him  reports  some  observations 
connected  with  the  adjustment  of  the  fly-wheel  of  a  steam  engine. 
In  driving  a  large  pin,  one  of  the  assistants  rested  against  its  head 
one  end  of  a  cylindrical  iron  bar  about  1  metre  (39*37  inches)  long 
and  8  centimetres  (3-15  inches)  in  diameter.  Another  workman 
drove  the  pin  by  striking  upon  the  free  end  of  the  bar.  The  opera- 
tion had  hardly  been  begun,  when  the  first  man  stated  that  at  every 
blow  he  felt  the  bar  grow  very  warm  and  suddenly  cool  again.  M. 
Hirn,  taking  his  place,  found,  to  his  great  astonishment,  that  there 
was  a  great  change  of  temperature,  which  he  estimated  at  about  35° 
(63°  F.).  The  hammer  weighed  about  6  kilogrammes  (11  lbs.);  the 
workmen  lifted  it  about  2  metres  (6 'SB  feet) ;  supposing  that  the  im- 
pulse of  the  arms  added  a  velocity  equivalent  to  a  fall  of  3  metres 
(9-84  feet),  the  increase  should  have  been  only  013°  (0  23°  F.),  or 
.  only  about  ^iir  ^^  *^®  observed  effect.  M.  Hirn  regards  the  phe- 
nomenon as  subjective,  and  explains  it  as  follows :  "  In  order  to 
observe  the  phenomenon  it  was  necssary  to  stand  very  near  the  bar, 
with  the  head  near  the  path  of  the  hammer,  and  to  seize  the  iron  at 
about  1  centimetre  (f  inch)  from  the  end  which  was  struck.  This 
required  firm  faith  in  the  skill  of  the  workman  who  was  wielding  the 
hammer.  I  hesitated  at  first,  and  seized  the  bar  at  some  distance 
from  its  end;  nevertheless,  I  felt  a  strong  sensation  of  heat,  the 
source  of  which  seemed  to  be  in  the  interior  of  the  hand,  and  not  on 
the  surface  of  the  metal.  When  I  became  bold  enough  to  take  the 
proper  position,  the  iron  seemed  to  heat  and  cool  rapidly  at  every 


Digitized  by 


Google 


Jan.,  1879.]  Harmless  Colors.  61 

blow,  the  sensation  of  heat  continuing  only  as  long  as  the  sonorous 
vibrations  which  were  excited  in  the  bar  by  the  blow.  The  best 
explanation  of  these  facts,  as  it  seems  to  me,  is  to  suppose  that  under 
certain  special  circumstances  sonorous  vibrations,  by  agitating  the 
sensitive  nerves,  excite  a  sensation  of  heat  at  the  surface  of  the  body 
analogous  to  the  sensation  of  light  which  is  produced  in  the  eyes  by 
a  blow.  This  explanation,  which  I  offer  with  fiLome  hesitation,  may 
perhaps  be  tested  by  a  Melloni  thermometer,  by  observing  whether  a 
bar  of  iron,  when  struck  at  one  end,  really  becomes  heated  during  a 
short  interval,  so  intensely  as  seemed  to  be  the  case  in  the  experi- 
ment which  I  have  just  related.'' — Oomptes  Bendus.  C. 

Harmless  Colors. — -Brilliant  colors  are  generally  preferred  for 
candies  and  children's  toys ;  thus,  for  red  and  orange,  vermilion  and 
red  lead  are  often  used ;  for  yellow,  chromate  of  lead ;  for  green, 
arseniate  of  copper  or  Scheele's  green  and  Schweinfart  green.  For 
red,  orange  and  intermediate  hues,  harmless  colors  have  been  hitherto 
unknown.  M.  Turpin  has  obtained,  by  combining  oxide  of  zinc  and 
cosine,  red  lacs,  which  resist  the  action  of  light  and  profitably  replace 
the  finest  commercial  vermilions.  By  adding  chromate  of  zinc  in 
varying  proportions,  these  lacs  yield  lively  colors,  which  may  be  used 
as  substitutes  for  red  lead  and  chrome  yellows.  With  ultramarine^ 
they  furnish  good  violets.  These  products  are  unchangeable  under 
the  action  of  light  or  heat,  and  can  therefore  be  incorporated  in 
caoutchouc  paste  mixed  with  sulphur,  oxide  of  zinc,  etc.,  and  exposed 
to  the  vulcanizing  process  without  the  least  change  of  color. — Bull, 
de  la  Soc.  d'JEncour.  C. 

Utilization  of  Water-Power  at  Bock  Island.— This  improve- 
ment, intended  to  furnish  water-power  to  the  Government  works, 
begun  in  1867,  is  now  complete. 

It  consists  of  a  canal,  2000  feet  long,  200  feet  wide  at  the  top, 
and  175  feet  at  the  bottom,  and  involved  the  removal  of  10,841,000 
cubic  feet  of  rock.  There  are  two  dams :  the  upper  being  230  feet 
long  and  containing  418,250  feet  of  masonry ;  and  the  lower  dam, 
726  feet  long  and  containing  168,000  feet  of  masonry.  The  supply 
of  water  is  expected  to  be  20,000,000  feet  per  hour  and  to  develop 
2000  horse-power. 

The  power  is  transmitted  by  two  shafts,  350  feet  long,  each  driven 
by  twenty  water-wheels. — Engineering  News.  * 
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Strength  of  American  Bailway  Cars.— On  the  23d  of  Octo- 
ber, 1878,  a  southeasterly  gale  prevailed  in  the  Middle  States,  which 
was  very  severe  at  Philadelphia. 

The  anemometer  of  the  Signal  Service  recorded  a  velocity  of  the 
wind  of  seventy-five  miles  an  hour.  Several  steeples  were  blown 
down,  and  several  hundred  houses  unroofed  and  otherwise  seriously 
damaged. 

Among  the  structures  thus  injured,  was  the  depot  of  the  Pennsyl- 
vania Railroad,  West  Philadelphia.  It  consisted  principally  of  a 
main  building,  for  waiting-rooms  and  offices,  and  two  sheds,  each  70 
feet  in  width,  and  about  800  feet  in  length,  extending  northward 
from  the  main  building,  and  on  the  side  of  the  hill  bounding  the 
Schuylkill  on  the  west.  Immediately  east  of  the  depot,  and  about 
25  feet  below,  are  the  tracks  of  the  Junction  Railroad.  From  its 
situation,  the  eastern  shed  was  greatly  exposed  to  an  easterly  storm. 
During  the  gale  of  October  23d,  about  7  o'clock  A.  M.,  the  shed  was 
blown  over  upon  several  trains  of  cars,  which  were  under  it,  ready  to 
be  dispatched. 

So  great  was  the  strength  of  these  cars,  that  they  held  up  the 
wreck.  The  10-inch  cast-iron  columns,  25  feet  long,  that  supported 
the  roof-girders,  fell,  in  many  cases,  directly  against  the  cars  with  the 
force  due  to  their  own  weight  and  that  of  the  whole  roof,  probably  at 
least  6  tons  to  each  column,  impelled  by  the  force  of  the  wind  added 
to  that  of  gravity. 

Notwithstanding  this,  not  one  of  the  cars  was  wrecked.  In  one 
instance,  a  column  struck  a  car  near  the  middle,  and  snapped  oflF,  but 
the  framework  of  the  car  was  not  broken;  the  lower  part  of  the 
column  rested  against  the  car — the  upptfr  part  on  its  roof. 

It  has  been  frequently  remarked  that  in  railroad  accidents  in  En- 
gland, the  fatality  and  wounding  are  greater  than  in  the  United 
States,  owing  to  the  fact  that  the  English  cars  are  not  built  to  stand 
any  extraordinary  blow,  and  in  the  event  of  a  collision  or  derailment, 
the  cars  are  splintered  to  a  greater  extent  than  in  this  country ;  but 
it  is  so  rare  that  a  test  like  the  above  occurs,  that  we  think  it  worthy 
of  a  permanent  record. 

A  car  that  will  stand,  without  injury,  the  impact  of  a  10-inch 
cast-iron  column.  With  6  tons  of  extra  weight,  driven  by  a  gale  of 
seventy-five  miles  an  hour,  contains  an  excess  of  strength  that  is  very 
assuring  to  the  traveler.  R. 
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Dr.  S.  M.  Flush  Battery  Cell. — This  battery  cell  is  a  modification 
of  the  Callaud  battery,  and  consists  of  the  glass  jar,  a,  of  the  usual 
proportions,  having  at  the  bottom  a  copper  pUte  upon  which  is  placed 
sulphate  of  copper,  and  has  attached  to  it  the  insulated  wire,  i,  forming 
the  positive  pole.     About  half-way  down  the  inside  of  the  glass  jar  is 
the   shelf,  5,  a   perforated   sheet  of  copper, 
upon  which  is  placed  pieces  of  zinc  of  any  form. 
The  shelf  is  suspended  by  three  strips  of  copper, 
one  of  which,  <?,  constitutes  the  negative  pole. 
With  this  form  of  cell,  the  zinc  of  commerce 
can  be  broken  into  pieces  of  suitable  size  and 
used  without  any  other  preparation,  and  the 
zinc  can  all  be  consumed;  while  in  the  Callaud 
battery,  the  zinc  must  be  cast  into  suitable  form, 
involving  some  loss  of  metal  and  expense,  and  • 
as  a  considerable  percentage  of  the  zinc  of  such 
castings  is  not  consumed  it  must  be  re-melted 

at  still  further  loss.  Another  advantage  is  that  the  sulphate  of 
copper  can  be  fed  into  the  bottom  of  the  cell  through  the  opening 
left  by  turning  up  one  side  of  the  shelf,  5,  and  broken  zinc  placed  upon 
the  shelf,  without  disturbing  any  of  the  connections,  thus  making  the 
battery  absolutely  continuous.  Objection  has  been  urged  that  there 
will  be  local  action  between  the  zinc  and  the  copper  of  the  shelf,  but 
Dr.  Plush  holds  that  practically  no  such  action  can  take  place,  as 
there  is  really  no  closed  circuit  between  the  pieces  of  zinc  and  the 
copper.     Lead  may  be  substituted  for  copper  in  making  the  shelf,  h. 

Cost  of  Street  Lighting  by  Electricity  in  Paris.— At  a 

recent  meeting  of  the  Society  of  Arts,  Mr.  Jas.  N.  Shoolbred  read 
a  paper  "  On  the  Practical  Application  of  Electricity  to  Lighting 
Purposes,''  giving  the  particulars  of  cost  of  plant  and  of  operating 
electric  lights  und^r  a  variety  of  circumstances,  and  by  several  dif- 
ferent systems. 

Of  the  various  streets  and  other  places  in  Paris,  lit  up  by  the 
JablochkoflF  system,  the  Avenue  de  TOpera  is  the  one  which,  from 
its  central  position,  has  attracted  most  attention,  and  therefore,  will 
be  taken  here  as  a  type  example. 

The  Avenue  de  TOpera,  including  the  Place  de  TOpera  at  one  end, 
and  the  Place  du  Theatre  Fran9ais,  are  lit  up  by  62  lights ;  46  single- 
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candle  and  eight  double-candle  (on  the  Place  de  TOpera).  Originally, 
only  about  40  were  provided,  but  the  illumination  being  insuflScient, 
the  number  was  augmented  (at  the  contractor's  expense)  to  the 
amount  just  stated. 

These  are  divided  into  four  groups ;  one  on  the  Place  de  TOpera, 
two  in  the  Avenue  de  TOpera,  and  one  on  the  Place  du  Theatre 
Frangais.  Each  group  of  lights  is  supplied  with  electricity  from  a 
(double)  Gramme  "16  light '*  machine,  driven  by  an  engine  of  20 
nominal  h.  p. 

A  very  considerable  amount  of  mystery  has  been  kept  up  by  the 
patentees  of  this  system  as  to  the  cost  of  it.  The  expense  they 
state  it  to  be  is  (1-06  francs)  lid.,  nearly,  per  light  per  hour,  which 
they  hope,  so  it  is  said,  shortly  to  reduce  by  one-half.  However,  the 
payment  to  the  patentees  by  the  City  of  Paris  is  at  a  rate  of  1*25 
francs  per  hour  on  each  of  the  original  lights  stipulated  in  the  con- 
tract, the  augmentation  to  62  being  entirely  gratuitous  by  the  con- 
tractor and  in  order  to  keep  up  an  eflfective  illumination.  The  total 
remuneration  is  37*2  francs  (29«.  9i.)  per  hour.  The  original  gas 
illumination  consisted  of  344  jets,  and  costs  T'224  francs  (6«.)  per . 
hour.  The  electric  illumination  is  considered,  however,  as  equal  to 
682  gas  jets,  say,  to  double  the  original  illumination ;  that  is,  to  a 
cost  of  14*45  francs  per  hour,  as  against  3T*2  francs  for  the  electric 
one.  The  latter,  therefore,  cost  2*6  times  that  of  the  gas  of  equal 
illuminating  intensity. 

Need  it  be  added  that  the  City  of  Paris  have  germinated  the  con- 
tract with  the  last  day  of  November. 

The  contractors  have,  however,  oflfered  to  continue  the  contract  at 
the  reduced  rate  of  0-60  francs  (6i.)  per  light  per  hour.  The 
Municipal  Council  of  Paris  have  declined  to  continue  any  contract, 
except  provisionally,  up  to  January  15th,  1879,  and  that  only  at  the 
rate  of  the  original  cost  of  the  gas,  viz. :  at  a  total  expense  of  7*224 
francs  (6«.  nearly)  per  hour.  By  information  lately  received  from 
Mons.  Allard,  the  chief  engineer  of  the  lighting  department  of  the 
City  of  Paris  (under  the  engineer-in-chief,  Mons.  Alphand),  and  by 
whom  the  above  details  have  been  kindly  communicated,  the  contrac- 
tors for  the  lighting,  the  Society  G^n^rale  d'Electricit^,  have  con- 
sented to  undertake  the  lighting  at  the  above  reduced  rate.  The 
price  paid  to  them,  therefore,  will  be,  up  to  January  15th  next,  at 
the  highly  remunerative  rate  of  about  IJi.  per  light  per  hour. 


Digitized  by 


Google 


Jan.,  1879.]  Book  NoticeB,  65 

A  series  of  very  careful  photometric  measurements  carried  out  by 
the  Municipal  authorities  in  the  Avenue  de  TOpera  itself  with  the 
existing  illumination,  showed  each  light  to  possess  a  maximum  of  300 
candles  of  intensity  with  the  naked  light ;  while  by  the  interposi- 
tion of  the  opaque  globe,  the  maximum  was  reduced  to  180  candles 
(a  loss  of  40  per  cent.),  and  this  again  to  a  minimum  of  90  candles 
during  the  darker  periods  through  which  this  light  passed. 

Many  other  applications  of  the  Jablochkoflf  candles  with  the 
Gramme  machine  occur  in  Paris,  such  as  at  the  Magazins  and  the 
Hotel  du  Louvre,  at  the  Theatre  du  Chatelet,  at  the  Hippodrome,  at 
the  Hotel  Continental,  etc.  Still,  as  in  none  of  these  cases  have  the 
financial  results  been  ascertained  on  such  good  authority  as  in  the 
case  of  the  Avenue  de  POpera,  it  has  been  thought  advisable  to  pass 
them  over.  The  main  object,  held  constantly  in  view  in  the  present 
communication,  has  been  to  ascertain  the  carefully  prepared  financial 
results  of  a  few  applications,  which  have  been  supplied  on  unim- 
peachable authority,  rather  than  to  attempt  to  present  those  of  a 
larger  number,  in  some  of  which  the  results  might  have  been  open 
to  doubt.  * 
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Formula  for  the  Calculation  of  Railroad  Excavation  and 
Embankment,  and  for  Finding  the  Average  Haul.  By 
John  W.  Davis,   C.  E.     8vo.,  pp.  106.     Gilliss  Bros.,  N.  Y., 

1877. 

The  second  edition  of  a  work,  and  the  fact  of  it  being  adopted  by 
the  most  important  schools  in  a  country,  is  sufficient  endorsement  of 
T)ublic  favor  to  clearly  demonstrate  its  merits. 

The  "average  haul"  has  been  added;  a  point  of  the  highest 
interest  to  contractors  and  engineers.  We  feel  sorry  that  the  calcu- 
lations of  the  same  were  not  done  without  the  assistance  of  "  cal- 
culus,*' as  the  so-called  "practical  men'*  may  be  familiar  with 
general  mathematics,  and  not  with  its  higher  branches.  Those 
who   have   these   advantages,  will  be  able  to  understand   that  the 
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"  average  haul ''  is  the  distance  between  the  centre  of  gravity  of  the 
material  as  found,  to  its  centre  of  gravity  as  deposited ;  and  also  why, 
when  monthly  estimates  are  made,  these  correspond  to  the  total  of 
the  smaller  cross-sections,  and  would  consequently  be  a  proof  that 
all  previous  work  had  been  accurately  executed.  Those  familiar 
with  railroad  excavation  and  embankment,  know  that  this  is  not  the 
case  when  the  ordinary  formulae  are  adopted. 

We  can  only  say .  in  conclusion  that  it  is  to  be  hoped  that  the 
adaptation  of  Mr.  Davis's  formulae  will  give  the  exact  volume  corres- 
ponding to  regular  or  irregular  sections,  and  that  it  is  to  be  greatly 
regretted  that  the  various  mathematical  formulae  (that  the  engineer 
has  at  his  disposal)  for  the  calculation  of  earth  work  do  not  agree  in 
their  final  results.  W. 


Metals  and  their  chief  Industrial  Applications.  By  C.  R. 
Alder  Wright,  D.  Sc,  etc.  12mo,  pp.  191.  Macmillan  &  Co., 
London,  1878. 

It  is  difficult  to  write  on  "  Metals  and  their  chief  Industrial  Appli- 
cations,'* and  show  any  great  originality,  as  one  has  at  his  disposal 
many  thousand  examples  and  theories.  Notwithstanding,  the  author 
has  succeeded,  in  many  cases,  in  explaining  to  his  reader,  in  an 
intelligent  and  simple  manner,  several  facts  pertaining  to  metallurgy 
which  appear  complicated  to  beginners.  He  supposes,  without  a 
doubt,  that  we  are  all  familiar  with  the  principles  of  chemistry  and 
the  elements  of  physics — as  it  would  be  hardly  possible  to  compre- 
hend the  various  processes  adopted  for  native  metals,  simple  ores 
(oxides,  chlorides,  fluorides,  etc.,  and  also  sulphides,  carbonates) — 
nor  could  we  realize  the  exact  meaning  of  absorption  or  evolution  of 
heat,  nor  the  calculations  pertaining  to  the  value  of  caloric  dis- 
tubance  when  the  reactions  take  place  at  a  given  temperature.  The 
manufacture  of  pens,  pins,  looking-glasses,  etc.,  being  the  examples 
chosen  to  illustrate  the  industrial  applications  of  the  above,  have  been 
most  judicious,  as  the  comprehension  of  these  does  not  necessitate 
deep  scientific  knowledge,  and  represents  objects  with  which  the 
general  reader  is  familiar. 

We  consider  the  title,  ehief  industrial  applications,  not  exact,  as 
but  the  minor  and  simpler  ones  have  been  mentioned.  This  little 
work  is  written  in  a  pleasing  and  modest  style,  and  has  not  the  pre- 
tension of  being  complete ;  but,  on  the  contrary,  is  but  an  outline, 
where  the  general  principles  have  been  observed,  a  portion  of  the 
same  being  a  course  of  lectures  delivered  at  the  Royal  Institution  of 
Great  Britain,  in  1877,  by  the  author.  W. 
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Electric  Lighting.  A  partial  treatise,  frora  the  French  of  Hippo- 
lyte  Fontaine,  by  Paget  Higgs,  Assoc.  Inst.  C.  E.,  etc.  E.  & 
F.  N.  Spon, .  London  and  New  York,  1878.  8vo,  194  pp. 
Price,  $3.00. 

This  translation  supplies  a  place  in  English  scientific  literature,  in 
giving  the  fullest  information  down  to  the  most  recent  date,  in  plain, 
popular  language,  of  the  practical  operation  and  mechanism  of  the 
electric  light.  The  electrical,  dynamic  or  physical  theories,  which, 
in  their  relations  to  the  production  of  light  or  force  by  electricity, 
open  fields  of  abstruse  interest  to  the  student,  are  left  almost 
unconsidered,  but  here  will  be  found,  in  words  that  any  one  can  read 
and  comprehend,  what  has  been  done  to  produce  the  electric  light  in 
various  ways,  what  apparatus  has  been  employed  in  so  doing,  fully 
illustrated  by  well  executed  wood-cuts,  and  clearly  described  in  the 
well  printed  text.  The  historical  portion  is  somewhat  brief,  and  the 
earlier  efforts  have  been  left  without  so  full  description  or  illustration 
as  would  be  wished  in  a  more  thorough  study,  but  in  Chapter  IV 
the  subject  of  dynamo  machines  is  approached  with  much  complete- 
ness, so  that  the  references  can  be  followed  if  any  one  desires ;  and 
the  subsequent  chapters,  if  they  do  give  undue  prominence  to  the 
machine  and  practice  of  M.  Gramme,  they  also  convey  to  the  reader 
a  complete  view  of  the  working  of  machines  and  of  lights.  In  fact, 
the  book  is  somewhat  partisan  in  its  appreciation  of  M.  Gramme  and 
his  share  in  the  invention  of  the  dynamo-electric  machine,  but  this 
advocacy  may  be  admitted,  and  the  work  will  still  have  the  highest 
merit. 

The  relations  of  three  explorers  of  this  field  of  science  may  be 
stated.  In  1852,  Dr.  Page,  of  Washington,  made  a  machine  for  a 
motor  on  a  railroad.  This  machine'  had  many  features  in  correspond- 
ence with  the  dynamo-electric  machines  of  to-day,  and  had  Dr.  Page 
recognized  the  fact,  and  worked  upon  it,  there  is  a  strong  prob- 
ability that  it  would  have  been  the  immediate  precursor  of  a  system 
of  dynamo-electric  machines.  In  1861  and  1864,  Prof.  Pacinotti, 
of  Pisa,  not  only  devised  and  constructed  an  electric  motor,  but,  in 
the  last  named  year,  he  described  its  application  and  usefulness  as 
a  means  of  producing  electric  force,  in  such  words  that  any  person 
could  thus  apply  it.  It  was  like  a  man's  constructing  a  watch  with 
a  key,  and  giving  a  written  description  how  to  wind  it  so  that  it 
would  go,  and  the  watch  "should  never  run  for  want  of  winding.  In 
1869,  M.  Gramme  produced  his  machine,  "identical  in  principle" 
with  that  of  M.  Pacinotti  (to  use  the  words  of  M.  Fontaine),  and  he 
at  once  proceeded  to  press  and  develop  its  capability. 

*  *  *  The  reader  is  referred  to  the  book  under  review  for  more 
complete  information,  and  if  he  has  any  interest  on  the  subject  of 
electric  lighting,  he  will  assuredly  find  this  work  very  interesting. 

B. 
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Franklin    Institute. 


Hall  op  the  Institute,  Dec.  18th,  1878. 

The  stated  meeting  was  C9.11ed  to  order  at  8  o'clock  P.  M.,  the 
President,  Dr.  R.  E.  Rogers,  in  the  chair. 

There  were  present  135  members  and  31  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers, 
and  reported  that  at  the  last  meeting  there  were  18  persons  elected 
members  of  the  Institute,  and  the  following  donations  to  the  Library 
were  reported  : 

Proceedings  of  the  12th,  14th  to  16th,  and  24th  annual  meetings 
of  the  Board  of  Supervising  Inspectors  of  Steam  Vessels.  Wash- 
ington. From  the  Board. 

Circulars  of  Information  of  the  Bureau  of  Education.  No.  1, 
1878.  From  the  Commissioner  of  Education. 

Annual  reports  of  Trustees  of  the  Metropolitan  Museum  of  Art. 
New  York.     For  1872,  1873,  1875,  1876  and  1878. 

From  the  Trustees  of  the  Museum. 

Reports  of  the  supervising  architect  of  Treasury  Department. 
Washington.      For  1876   and   1877. 

From  the    Supervising   Architect. 

Report  on  cold  rolled  iron  and-  steel,  by  R.  H.  Thurston.     1878. 

From  Jones  &  Laughlins,  Pittsburg. 

Reports  of  United  States  Light-House  Board,  1873-75  inclusive. 

From  the  Board. 

Report  of  Chief  Signal  OflScer  of  War  Department. 

From  the  Chief  Signal  OflScer. 

On  proposed  removal  of  Smith's  Island,  by  L.  M.  Haupt. 

From  Engineers'  Club,  of  Philad'a. 

Bibliographical  Contributions,  by  Justin  Winsor.  No.  1.  Cam- 
bridge, 1878. 

Reports  of  Department  of  Marine  and  Fisheries,  Canada.  For 
1868,  1869,  1871,  1873,  1874  and  1877,  and  supplements  1  to  3  to 
report  for  1874 ;  and  1  to  4  to  report  for  1877. 

From  W.  Smith,  Deputy  Minister  of  Marine,  Department  of 
Marine  and  Fisheries,  Canada. 
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Mode  of  Combustion  in  the  Blast  Furnace  Hearth,  by  J.  A.  Church. 
1878.  From  the  Author. 

Short  Memoirs  on  Meteorological  Subjects,  by  C.  Abbe. 
Dissipation  of  Electricity  in  Gases,  by  D.  Bobonlieflf. 

From  C.  Abbe. 

Specifications  and  drawings  of  patents,  issued  from  the  U.  S. 
Patent  Office,  for  June  and  July,  1878.     Wash.,  1878. 

From  the  Commissioner  of  Patents. 

Transactions  of  the  Royal  Irish  Academy.     Vol.  25,  November, 
1875 ;  Vol.  26,  January,  March,  May  and  June,  1876. 
Proceedings  of  the  Royal  Irish  Academy.     Vol.  10,  1870. 
List  of  Council,  Officers  and  Members,  of  the  Royal  IrisluAcademy. 
-1876. 

Pharaoh's  Daughter ;  a  drama  on  the  plan  of  the  mystery  and 
parable  play,  etc.     London.     2  Vols.,  1868  and  1874. 

From  the  Royal  Irish  Academy^ 

^  Meteorology  of    the  North   Atlantic,   during  August,    1873,    by 
Henry  Toynbee.     London,  1878.     2  Vols.     Text  and  Plates. 

Statistical  sketch  of  South  Australia,  by  Josiah  Boothby.  Lon- 
don, 1876.  From  the  Author. 

Bulletins  10  and  12,  of  the  United  States  National  Museum, by 
David  S.  Jordan. 

Bulletins  No.  1,  2d  Ser. ;  No.  3,  Vol.  2 ;  and  Nos.  2  and  3,  Vol. 
4,  of  the  United  States  Geological  and  Geographical  Survey  of  Ter- 
ritories.    Wash.,  1875-76,  and  1878. 

First  annual  report  of  the  United  States  Entomological  Commis- 
sion, for  the  year  1877,  relating  to  the  Rocky  Mountain  Locust. 
Wash.,  1878. 

Miscellaneous  publications  Nos.  9  and  10,  of  the  United  States 
Geological  Survey  of  the  Territories.     Wash.,  1877  and  1878. 

First,  second  and  third  annual  reports  of  the  United  States  Geo- 
logical Survey  of  the  Territories,  for  1867,  1868  and  1869.  Wash., 
1873. 

Geological  and  Geographical  Atlas  of  Colorado  and  portions  of 
adjacent  territory,  by  F.  V.  Hayden,  U.  S.  Geologist  in  charge. 
1877.  From  the  Secretary  of  Department  of  the  Interior. 

Report  of  the  Chief  Engineer  of  Illinois  and  St.  Louis  Bridge.Co. 
Oct.,  1871.     St.  Louis.  From  the  General  Manager. 

Reports  of  the  Department  of  Marine  and  Fisheries,  Canada,  for 
1872,  1875  and  1876 ;  and  supplements  to  reports,  for  years  1873, 
1875,  1876.  From  Hon.  Wm.  Smith,  Deputy  Minister  of  Marine 
Department  of  Marine  and  Fisheries,  Canada. 
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First  to  third,  and  fifth  to  seventh  annual  reports  of  the  American 
Railway  Master  Mechanics*  Association,  1868  to  1870,  and  1872  to 
1874.  From  the  Secretary  of  the  Association. 

Twenty-sixth  annual  report  of  the  Council  of  City  of  Manchester, 
on  the  working  of  the  free  public  libraries,  1877-78.  Mancljester, 
1878.  From  the  Council. 

Illustrated  catalogue  of  Morris,  Tasker  &  Co.'s  Works,  Philadel- 
phia.    11th  and  12th  classes.  From  E.  Hiltebrand. 

Annual  report  upon  the  improvement '  of  the  South  Pass  of  the 
Mississippi  River,  showing  the  condition  of  the  works  on  June  30th, 
1878.     By^M.  R.  Brown.  From  the  War  Department,  Wash. 

Annual  report  of  the  Secretary  of  War,  for  the  year  1878. 

From  the  Secretary  of  War. 

The  Actuary  also  reported  a  resolution  from  the  Board  of  Man- 
agers, asking  the  appointment  of  a  committee  to  report  upon  certain 
questions  in  connection  with  completing  the  awards  of  medals  recom- 
mended by  the  Committee  on  Science  and  the  Arts. 

The  Secretary  reported,  from  the  Committee  on  Science  and  the 
Arts,  a  resolution  looking  to  the  same  end,  and  also  the  recom- 
mendation of  the  award  of  the  Scott  Legacy  Medal  and  Premium  to 
D.  K.  Miller,  for  his  padlock. 

Prof.  E.  J.  Houston  gave  a  description  of  the  system  of  dividing 
the  electric  light,  devised  by  himself  and  Prof.  E.  Thomson,  including 
a  new  form  of  induction  apparatus,*  and  a  vibrating  lamp  using 
reverse  currents,  the  principle  involved  in  which  they  think  will  solve 
the  problem  of  producing  small  electric  lights  economically. 

The  Secretary's  Report  embraced  the  Janney  car-coupler  and 
platform;!  Dr.  S.  M.  Plush's  battery  cell ; J  Aldred  &  Spielman's 
horse-car  rail ;  J.  Reynolds  &  Son's  shaking  and  cinder-grinding 
grate;  Pike  &  Heath's  hand-pump;  and  the  Needham  musical 
cabinet. 

The  President  announced  that  in  accordance  with  Section  7  of 
Article  XIV  of  the  By-Laws,  nominations  should  be  made  at  this 
meeting  for  a  President,  Secretary  and  Treasurer,  to  serve  one  year, 
eight  Managers  and  one  Auditor  to  serve  three  years,  and  one  Man- 


*  See  page  40.  f  See  page  46.  %  ^^^  P^S^ 
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ager  to  serve  two  years,  to  fill  a  vacancy  in  the  Board,  to  be  voted 
for  at  the  annual  election,  on  the  third  Wednesday  in  January  next ; 
whereupon  the  following  members  were  placed  in  nomination : 

For  President,  Wm.  P.  Tatham  and  J.  E.  Mitchell. 

For  Vice-President,  J.  E.  Mitchell  and  Henry  Cartwright. 

For  Secretary,  3.  B.  Knight. 

For  iJreasurer,  Frederick  Fraley. 

For  Managers,  Elihu  Thomson,  Hector  Orr,  Cyrus  Chambers,  Jr., 
Thomas  Shaw,  Henry  R.  Heyl,  G.  M.  Eldredge,  J.  G.  Baker,  John 
Hall,  Henry  Cartwright,  Robert  Briggs,  Wm.  Sellers,  J.  V.  Merrick, 
Charles  S.  Heller,  J.  Smetherst,  W.  V.  McKean,  R.  E.  Rogers, 
Charles  M.  Cresson,  Wm.  H.  Thorne,  Henry  Asbury. 

For  Auditor,  Samuel  Mason. 

For  Representative  in  Pennsylvania  Museum  and  School  of  Indus- 
trial Arty  J.  B.  Knight. 

The  President  appointed  the  following  members  to  act  as  tellers  at 
the  annual  election,  to  be  held  on  Jan.  15th,  1879:  W.  A.  Rollin, 
W.  L.  Dubois,  Wm.  Taggart,  John  Canby,  Geo.  Gardom,  Samuel 
Sartain,  G.  M.  Sandgran,  J.  W,  Nystrom,  Chas.  Bullock,  J.  J. 
Weaver,  W.  B.  Cooper. 

On  motion  of  Mr.  Close,  it  was 

Resolved,  That  in  balloting  for  Managers  at  the  next  annual  elec- 
tion, those  receiving  the  eight  highest  number  of  votes,  shall  be 
declared  elected  for  three  years,  and  the  one  receiving  the  next 
highest  number  of  votes,  shall  be  declared  elected  to  fill  the  vacancy. 

On  motion  of  Mr.  Heyl,  it  was 

•  Resolved,  That  the  Secretary  be  directed  to  have  printed,  a  suflB- 
cient  number  of  lists  of  nominations,  to  serve  as  ballots  at  the  annual 
election,  and  also  to  send  one  such  list  to  each  member,  with  the 
notice  of  the  next  stated  meeting. 

On  motion  of  Mr.  Eldredge,  it  was 

Resolved,  That  action  on  the  resolutions  from  the  Board  of 
Managers  and  from  the  Committee  on  Science  and  the  Arts  relating 
to  awards  of  medals,  be  postponed  to  the  next  stated  meeting. 

The  following  letter  was  read : 
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Philadelphia,  S.  E.  Cor.  5th  and  Walnut  Sts., 
December  IQth,  1878. 
J.  B.  KnictHt,  Esq., 

Secretary  Franklin  Institute, 

Bear  Sir : — I  am  having  a  design  made  for  a  new  "  John  Scott 
Medal,'*  more  attractive  and  of  more  intrinsic  value  than  that  here- 
tofore awarded;  and  as  there  are  some  applications  now  pending 
before  the  Board  of  Directors  of  City  Trusts,  and  some  already  favor- 
ably acted  upon,  I  am  anxious  to  get  the  matter  all  completed  at  an 
early  day. 

I  write  to  know  whether  you  used  any  particular  form  of  "  Certif- 
icate of  Award,"  to  accompany  the  Medal  and  the  twenty  dollars, 
when  the  awards  were  made  by  your  Institution,  as  I  think  it  would 
be  well  to  retain  the  old  form  as  far  as  possible.  If  you  did,  would 
you  kindly  let  me  have  a  copy  of  it.         Yours,  truly, 

Charles  H.  T.  Collis, 
Chm,  Com,  on  Minor  Trusts, 

Mr.  W.  P.  Tatham,  through  the  Secretary,  offered  the  following 
preamble  and  resolutions,  which  were  unanimously  adopted : 

Whereas,  By  a  letter  from  the  Chairman  of  the  Committee  on 
Minor  Trusts,  to  the  Secretary  of  the  Franklin  Institute,  the  Institute 
is  informed  that  the  said  Committee  are  proceeding  to  distribute  the 
Scott  Legacy  Premiums  and  Medals,  which  have  heretofore  been 
awarded  by  the  Franklin  Institute ; 

Resolved,  That  the  Committee  on  Science  and  the  Arts,  and  the 
Board  of  Managers,  be  directed  to  suspend  all  examinations  and 
proceedings  looking  to  such  awards. 

Resolved^  That  the  Secretary  be  directed  to  reply  to  the  Chairman 
of  the  Committee  on  Minor  Trusts,  that,  as  the  awards  of  the  Scott 
Legacy  Medals  and  Premiums  heretofore  made  by  the  Franklin 
Institute,  have  been  made  only  after  a  careful  examination  by  a 
committee  of  experts,  a  copy  of  whose  report  always  accompanies 
the  Medal,  they  have  used  "no  particular  form  of  Certificate  of 
Award  ;  *'  and  in  reply  to  that  portion  of  his  letter  expressing  a  desire 
to  '' retain  the  old  form''  while  changing  the  substance,  to  say  that 
as  the  value  of  a  medal  depends  upon  the  care  and  discrimination 
exercised  in  awarding  it,  there  would  be  manifest  injustice  to  those 
persons  to  whom  the  Committee  of  the  Franklin  Institute  have 
awarded  Medals  inscribed  "to  the  most  worthy,"  and  whose  inven- 
tions have  stood  the  test  of  an  intelligent  investigation,  to  use  the 
same  forms  for  awards  made  on  different  principles. 

On  motion,  the  meeting  adjourned. 

J.  B.  Knight,  Secretary, 
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RECENT  PUBLICATIONS. 


ARCHITECTUKE.— Designs    for     the 

Construction  of  Markets,  Warehouses, 
and  Sheds.  By  Alexander  Friedmann, 
C.  E.  Translated,  with  an  Introduction 
and  Notes,  by  E.  H.  D'Avigdor,  B.  A., 
C.  E.  27  large  plates,  with  explanatory 
text,  in  portfolio.     $17.00. 

TELEPHONE.— Researches  in  Electric 
Telephony,  being  a  Lecture  delivered 
before  the  Society  of  Telegraph  En- 
gineers. By  Professor  Alexander  Gra- 
ham Bell.  Profusely  illustrated.  8vo, 
paper,  60  cents. 

THE  STEAM  ENGINE. -Considered  as 
a  Heat  Engine  :  a  Treatise  on  the 
Theory  of  the  Steam  Engine.  By  Jas. 
H.  Cotterill,  M.  A.  Illustrated  by  Dia- 
grams, Tables,  and  Examples  from 
Practice.     8vo,  cloth,  $5.00. 

HEAT.— A  Practical  Treatise  on  Heat, 
as  applied  to  the  Useful  Arts,  for  the 
use  of  Engineers,  Architects,  etc.  By 
Thomas  Box.  Second  edition.  Plafes. 
8vo,  cloth,  $6.00. 

SCREW-CUTTING  TABLES.— For  En- 
gineers and  Machinists ;  giving  the 
values  of  the  different  Trains  of  Wheels 
required  to  produce  Screws  of  any 
Pitch,  ('alculated  by  Lord  Lindsay. 
Cloth,  80  cents. 

PHOTOGRAPHED    SPECTRA.— One 

hundred  and  thirty-six  Photographs  of 
Metallic,  Gaseous,  and  other  Spectra, 
printed  by  the  Permanent  Autotype  pro- 
cess. With  introduction,  description  of 
plates,  and  Index ;  and  with  an  extra 
plate  ofthe  Solar  Spectrum.  By  J.  Rand 
Capron,  F.  R.  A.  S.    8vo,  cloth,  $12.00. 

CEMENT.— The  Science  and  Art  of  the 
Manufacture  of  Portland  Cement. 
With  observations  on  some  of  its  con- 
structive applications.  By  Henry 
Reid,  C.  E.  New  edition.  Illustrations. 
8vo,  cloth,  $7.00. 

COAL. — A  Practical  Treatise  on  Coal 
Mining.  By  George  G.  Andr6,  F.Q.S. 
Complete  in  two  volumes,  royal  4to, 
cloth,  containing  560  pages  of  letter- 
press and  84  plates  of  practical  draw- 
ings.    Price,  $28.00. 


MINING  MACHINERY.— A  Descriptive 
Treatise  on  the  Machinery,  Tools,  and 
other  Appliances  used  in  Mining.  By 
G.  G.  Andr6,  F.G.S.  In  twelve  Monthly 
Parts,  royal  4to,  uniform  with  the  Au- 
thor^ s  Treatise  on  Coal  Mining ,  and  when 
complete  will  contain  about  150  Plates, 
accurately  drawn  to  scale,  with  descriptive 
text.     Each  Part,  price,  $2.00. 

SANITARY  ENGINEERING:  A  Series 
of  Lectures  given  before  the  School  of 
Military  Engineering,  at  Chatham,  1876. 
By  J.  Bailey  Denton,  F.G.S.  In  Divi- 
sions: 1,  Air;  2,  Water;  3,  The  Dwel- 
ling ;  4,  The  Town  and  the  Village ;  6, 
Disposal  of  Sewage.  In  one  thick  vol- 
ume of  429  pages,  royal  8ro,  cloth,  con- 
taining 23  plates,  135  engravings,  and 
many  valuable  tables,  $10,00. 

HYDRAULICS.— The  New  Formula  for 
Mean  Velocity  of  Discharge  of  Rivers 
and  Canals.  By  W.  R.  Kutter,  Trans- 
lated from  articles  in  the  "  Cultur-Ing^- 
nieur,"  by  Lewis  D* A.  Jackson,A.I.C.E. 
8vo,  cloth,  $5.00 

INDICATOR.— An  Elementary  Treatise 
on  Steam,  and  the  Use  of  the  Indicator. 
By  J.  C.  Graham,  B.  Sc.  Illustrations. 
8vo,  cloth,  $3.50. 

GAS  MANUFACTURE.— A  Practical 
Treatise  on  the  Manufacture  and  Dis- 
tribution of  Coal  Gas.  By  Wm.  Rich- 
ards. Numerous  wood  engravings  and 
large  plates.     Demy  4to,  cloth,  $12.00. 

STEAM  ENGINE,— A  Practical  Treatise 
on  the  Steam  Engine,  containing  Plans 
and  Arrangements  of  Details  for  Fixed 
Steam  Engines,  with  Essays  on  the 
Principles  involved  in  Design  and  Con- 
struction. By  Arthur  Rigg.  Two 
hundred  diagrams,  drawn  on  a  scale 
sufficiently  large  to  be  readily  intelligible, 
embellish  the  text ;  and  ninety-six  litho- 
graphed plates,  containing  some  hundreds 
of  illustrations,  give  a  series  of  examples 
which  embody  most  that  is  new  and  ad- 
mirable in  the  practice  of  modem  Engin^ 
eers.  In  one  volume,  demy  4to,  hand- 
somely bound  in  half-morocco,  $17,00. 
Also  in  Twelve  Parts,  price  $1.25  each. 


^*^  Descriptive  Catalogue  of  our  Publications  sent  free  by  mail  on  application. 
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-       -       -       NETAT   YORK. 
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WM.  SELLERS  &  CO. 


PHILADELPHIA. 


Engineers  and  Machinists. 


JVIANUFACTURER3   Of 


I, 


Of  Improved  and  Patented  Designs^ 

Convenient,  Cfcnicli:,  a,nd. 

EIeonomiea.1  in  Operation. 

BAItWAY  TUHN  TABUS. 

PIVOT    BRIDGES,    ETC. 


SHAFTIN6  AND  MILL  SEARINe. 


Improved  Injector  Boiler  Feeders, 

OPERATED  BY  A  SINGLE  MOTION  OF  A  LEVER. 


SpecificaUons,  Photographs  and  Pamphlets  sent 
to  any  address  on  application. 
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THE  BOYDEN   PREMIUM. 


URIAH  A.  BOYDEN,  ESQ.,  of  Boston,  Mass.,  las  deposited  with  the  FrankliD 
Institute  the  sum  of  one  thousand  dollars,  to  be  awarded  as  a  premium  to 


"  Any  resident  of  North  America  who  shall  determine  hj  experiment 

whether  all  rajs  of  light,  and  other  ph^-sical  rays,  are  or  are 

not  transmitted  with  the  same  velocity." 

The  following  conditions  have  been  established  for  the  award  of  this 
premium : 

1.  Any  resident  of  North  America,  or  of  the  West  India  Islands,  may  be  a 
competitor  for  the  premium ;  the  southern  boundary  of  Mexico  being  eoBsid- 
ered  as  the  southern  limit  of  North  America. 

2.  Each  competitor  must  transmit  to  the  Secretary  of  the  Franklin  Institute 
a  memoir,  describing  in  detail  the  apparatus,  the  mode  of  experimenting,  and 
the  results ;  and  all  memoirs  received  by  him  before  the  first  day  of  January 
one  thousand  eight  hundred  and  eighty,  will,  as  soon  as  possible  after  this  date, 
be  transmitted  to  the  Committee  of  Judges. 

3.  The  Board  of  Managers  of  tho  Franklin  Institute  shall,  before  the  first 
day  of  January,  one  thousand  eight  hundred  and  eighty-one  select  three 
citizens  of  the  United  States,  of  competent  scientific  ability,  to  wnom  the 
memoir  shall  be  referred ;  and  the  said  Judges  shall  examine  the  memoirs  and 
report  to  the  Franklin  Institute  whether,  in  their  opinion,  and,  if  so,  which  of 
their  memoirs  is  worthy  of  the  premium.  And,  on  their  report,  the  Frankhn 
Institute  shall  decide  whether  the  premium  shall  be  awarded  as  recommended 
by  the  Judges. 

4.  Every  memoir  shall  be  anonymous,  but  shall  contain  some  motto  or  siga 
by  which  it  can  be  recognized  and  designated,  and  shall  be  accompanied  by  a 
sealed  envelope,  endorsed  on  the  outside  with  same  motto  or  sign,  and  con- 
taining the  name  and  address  of  the  author  of  the  memoir.  It  shall  be  the 
duty  of  the  Secretary  of  the  Franklin  Institute  to  keep  these  envelopes  securely 
and  unopened  until  the  Judges  shall  have  finished  their  examination ;  when, 
should  the  Judges  be  of  opinion  that  any  one  of  the  memoirs  is  worthy  of  the 
premium,  the  corresponding  envelope  shall  be  opened,  and  the  name  of  the 
author  communicated  to  the  Institute. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments  described 
in  any  of  the  memoirs  to  be  repeated  in  their  presence. 

G.  The  raemcirs  presented  for  the  premium  shall  become  the  property  of  tb« 
Franklin  Institute,  and  shall  be  published  as  it  may  direct. 
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JES8TJP  &  MOORE 

FAFEB   MANUFACTUBEBS 

Offices  and  Warebonses : 

No.  27  NORTH  SIXTH  ST.,  PHILADELPHIA, 

AND 

128  WILLIAM  ST.,  NEW  YORK. 

Have  on  hand  and  make  to  order  at  short  notice,  Kews  and  Book  Printing 
Paper,  all  qualities  and  sizes.  Codorus  Mill  Writing  Papers,  Manilla  Papers. 
Importers  of  Chemicals  and  Feltings.  Dealers  in  Paper  Makers'  Materials,  of 
every  description.     Cash  Market  Prices  paid  for  all  kinds  of  Paper  Stock. 

Feb.  '78, 1  yr. 


JACOB  NAYLOR, 

Successor  to  HUNSWORTH  &  NAYLOK, 

GIRARD  AVE.   AND    FRONT  STREET 
PHILADELPHIA. 


STEAM  ENGINES,  BOILERS  AND  TANKS, 

Shafting  and  Gearing,  Couplings,  Pulleys  and  Hangers. 

STEAM  AND  HAND  CRANES. 

Passenger  and  Freight  Hoisting  Machinery  for  Stores  &  FactorieBi 

Marble  Sawing  and   Polishing  Machinery  of  all   Kinds, 

SPECIAL  MACHINERY  AND  FIXTURES  FOR  SOAP  MANUFACTURERS, 
Retorts,  Meters,  Stills,  &c.,for  Chemists. 

Sugar  Boilers,  Tanks  and  Machinery.     Castings  in  green  sand  or  Loam,  and 
Machinery  in  general. 

W.  W.  TUFFBB  &  GO'S  PATENT  GBATES  AND  QBATE  BABS. 

RIDER'S  PATENT  AUTOMATIC  CUT-OFF  ENGINE,  either  Vertical  or  Horizontal 

Jan.»78, 1  yr. 


Moise-Quleting  Mozzles, 

FOR  SAFETY  VALVES,  VACUUM  BRAKES,  &c. 

^aiets  all  tbe  Objectionable  Noise  fVom   Pop   Talves  and   Ordinary 

Safety  Talves. 

Shaw's  Nozzles  for  Locomotive  Smoke-Stacks,  arrest  sparks  without  any  soreen 

waatever.       Address  the  Patentee, 

T.  SHAW,  915  Ridge  Avenue. 


A'0T.*77,  6  mo. 
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TOR 

PRACTICAL  &  ANALYTICAL  CHEMISTRY, 

Chant  Street,  Tenth  Street,  below  Market, 

(Bear  of  8t.  Stephen's  Churoho 

PHILADELPHIA. 

Instractlpn  given  in  OHElilSTRT,  MINERALOGY  and  GEOLOGY,  by  LECTURES  and  PRACTICB. 
^th  especial  reference  to  ANALYSIS,  MANUFACTURES  and  MEDICINE. 

Analyses  made  of  Ores,  Minerals,  Gnanos,  Waters,  and  articles  of  commerce  and  mannfiEMstare.    Opin- 
ions given  on  chemical  questions. 

J««c.  BOOTH  BOOTH,   CARRETT  A  BLAIR. 

Thos.  H.  Garritt. 

Ardrbw  a.  Blair  Jan.,  '78, 1  yr. 


American  Journal  of  Mathematics, 

PURE   AND    APPLIED. 
PUBLISHED  UNDEB  THE  AUSPICES   OF  THE  JOHNS  HOPKINS  UNIVEBSITY. 


Issued  in  volumes  of  384  quarto  pages,  comprising  four  numbers,  appearing  quarterly. 
First  volume  published  the  present  year. 

Its  primary  object  Is  the  publication  of  original  Investigations ;  abstracts  of  memoirs 
difficult  of  access  to  students,  and  bibliographical  notices  of  important  publications,  will 
be  given. 

Editor-in-Chief,  J.  J.  Sylvbstrr,  LL.D.,  F.R.S. ;  Associate  Editor-in-Charge,  William 
K  Story.  Ph.D.  (Leipslg);  with  the  co-operation  of  Bunjamin  Pkirojs,  Li.L.D.,  F.R.S. ,  of 
Harvard  University,. Simon  Nbwoomb,  LL.D.,  F.R.S.,  Superintendent  of  the  American 
Ephemeris,  and  H.  A.  Rowland,  C.E.,  of  the  Johns  Hopkins  University. 

Subscription  Price,  $6.00  per  volnme ;  Single  Nnmbers,  $1.50. 

Address  WM.  E.  STORY,  Johns  Hopkins  Vniversity,  Baltimore,  Md. 


Hall  of  the  FRANKLIN  INSTITUTE, 

Philadelphia,  October  9tb,  1»78. 
Notice  is  hereby  given  that  the  Franklin  Institute  of  the  State  of  Pennsylvania, 
has  under  consideration,  in  accordance  with  the  recommendation  of  its  Committee 
o  I  Science  and  the  Arts,  the  conferring  of  the  SCOTT  LEGACY  MEDAL 
AND  PREMIUM  of  twenty  dollars,  to  the  Pratt  Whitney  Company,  of  Hart- 
ford, Conn.,  for  accuracy  and  marked  excellence  of  workmanship  in  their  Guages. 
Any  objection  to  the  proposed  award,  or  evidence  of  want  of  originality  of  the 
invention,  can  be  communicated  to  the  Actuary  of  the  Institute  within  three  months 
of  the  date  of  this  notice. 

B.  H.  HOIiMABT, 
Nov.at.  ACTUARY. 


Hall  of  the  FRANKLIN  INSTITUTE, 

Philadelphia,  October  9th,  1878. 
Notice  is  hereby  given  that  the  Franklin  Institute  of  the  State  of  Pennsylvania, 
has  under  consideration,  in  accordance  with  the  recommendation  of  its  Committee 
on  Science  and  the  Arts,  the  conferring  of  the  SCOTT  LEGACY  MEDAL  AND 
PREMIUM  of  twenty  dollars  on  Henry  R.  Heyl  and  Hugo  Brehmer,  of  Phila- 
delphia, Pa.,  for  their  "  Book  Sewing  Machine."  Any  objection  to  the  proposed 
award,  or  evidence  of  want  of  originality  of  the.  invention,  can  be  communicated 
to  the  Actuary  of  the  Institute  within  three  months  of  the  date  of  this  notice. 

B.  S.  HOIiMABT, 

Nov.at.  ACTUARY. 
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VA.N     NOSTRA.ND*S 


Large  8vo,  Monthly. 
TERHS,  $5.00  PER  ANNVM,  IN  ADVANCE.    SINGI.E  COPIES,  50  CT8. 

First  Number  was  issued  January  1st,  1869. 
VAN  NOSTBAND'S  MAGAZINE  oonsists  of  Articles,  Original  and  Selected,  as  also 
Matter  condensed  from  all  the  Engineering  Serial  Publications  of  Europe  and  America. 

8IXTEEN    TOLITME8    NOW    COHPLETE. 

NOTICE  TO  NE'W  SITBSCEIBEBS.— Persons  commencing  tbeir  subscriptions  with 
the  Seventeenth  Volume  (July,  1877),  and  who  are  desirous  of  possessing^  the  work 
from  its  commencement,  will  be  supplied  with  Volumes  I  to  XVI  inclusive,  neatly 
bound  in  cloth,  for  $48.00.  Half  Morocco,  $66.50.  Sent  free  by  mail  or  express  on 
receipt  of  price. 

NOTICE  TO  CLUBS.— An  extra  copy  will  be  supplied,  gratis,  to  every  Club  of  five 
subscribers,  at  $5.00  each,  sent  in  one  remittance. 

■  This  magazine  is  made  up  of  copies  of  reprints  from  the  leading  scientific  periodicals 
of  Europe,  together  with  original  articles.  It  is  extremely  well  edited,  and  cannot  fail  to 
prove  a  valuable  adjunct  in  promoting  the  engineering  skill  of  this  country. — Neto  York  World. 

No  person  interested  in  any  of  the  various  branches  of  the  engineering  profession  can 
afibrd  to  be  without  this  magazine. —  Telegrapher. 

The  most  useful  engineering  periodical  extant,  at  least  for  American  readers. — 
Chemical  Neios. 

As  an  abstract  and  condensation  of  current  engineering  literature  this  magazine  will  be 
of  great  value,  and  as  it  is  the  first  enterprise  of  the  kind  in  this  country,  it  ought  to  have 
the  cordial  support  of  the  engineering  profession,  and  all  interested  in  mechanical  or  scien- 
tific progress. — Iron  Age. 

It  is,  in  truth,  as  the  publisher  asserts,  "a  novelty  in  engineering  literature,"  filling  a 
place  and  answering  a  legitimate  demand,  hitherto  unsupplied.  Its  object  is,  in  brief,  to  pre- 
sent not  specimens  but  abstracts — the  net  results— of  all  current  fact  and  opinion  in  engi- 
neering literature. — Chicago  Railway  Reviexc. 


HOOP£S  &  T6WNSEND 


MANUFACTURE 


Machine,  Car  and  ^rid^e  ^olUj 

COLS  PUNCHED  SaUABE  AND  HEXAaON  NUTS, 

PLOW  BOLTS,  PATCH  BOLTS, 

BOLT  ENDS,  TRACK  BOLTS, 

WOOD  SCREWS,  WASHERS, 

TANK  RIVETS.  BRIDGE  RODS, 

RODS   AND   BOLTS   FOR   BUILDINGS. 

"KEYSTONE"  "BOILER  RIVETS, 

OFFICE  AND  WORKS, 

Ho.  1330  Buttonwood  Street,  Philadelphia. 
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HaU  of  the  FRANKLIN  INSTITUTE, 

Philadelphia,  October  9th,  18Y8. 
Notice  is  hereby  given  that  the  Franklin  Institute  of  the  State  of  Pennsylvania, 
has  under  consideration,  in  accordance  with  the  recommendation  of  its  Committee 
on  Science  and  the  Arts,  the  conferring  of  the  ELLIOTT  CRESSON  GOLD 
IkfEDAL  on  Henry  Bower,  for  having  first  introduced  into  the  United  States,  the 
manufacture  of  Pure  Inodorous  Glycerine.  Any  objection  to  the  proposed  award 
can  be  communicated  to  the  Actuary  of  the  Institute  within  three  months  of  the 
date  of  this  notice. 

ACTUARY, 


FRANKLIN    INSTITUTE. 

TERMS  ABTB  PRITIL.EGE8  OF  MEMBERSHIP. 

Each  Member,  and  Adult  Holder  of  Second*  Class  Stock,  when  not 
in  arrears  for  Dues,  is  entitled  to  attend  the  meetings  of  the  Institute,  the 
use  of  the  Library  and  Reading-Room,  and  to  Tickets  for  himself  and  a 
Lady  to  the  Lectures. 

Contributing  Members  pay  Five  Dollara  each  year.  The  payment  of  Fifty 
Dollars  in  any  one  year  secures  Life-Membership,  without  Annual  Dues. 

Shares  of  Stock,  Ten  Dollars. 

Second  Class  Stock  has  an  annual  tax  of  Three  Dollars  per  Share,  entitling 
the  holder  of  One  Share  to  the  privileges  of  Memberahip. 

The  Holder  of  Ten  or  more  Shares  of  First  Class  Stock  is  entitled  to 
all  the  privileges  of  Membership  without  payment  of  Annual  Dues. 

Minor  Children,  Wards  and  Apprentices  of  Members  not  in  arrears, 
by  payment  of  Two  Dollars,  have  use  of  Library  and  Reading-Room,  and 
admission  to  Lectures,  or  Lectures  alone  for  One  Dollar.  • 

Minors,  holding  a  Share  of  Second  Class  Stock,  by  paying  One  Dollar  and 
Fifty  Cents  per  year,  have  use  of  Library  and  Reading-Room,  and  admis- 
sion to  Lectures. 

The  Journal  of  the  Franklin  Institute,  Published  Monthly,  subscrip- 
tion, Five  Dollars  per  year,  in  advance.  Members  and  Stockholders,  not 
in  arrears,  can  have  one  copy  at  Three  Dollars  per  year,  in  advance. 


OF    THE 

Library  of  the  Franklin  Institute, 

8vo.    Cloth,   S^.OO. 
This  Library  is  devoted  almost  exclusively,  to  Technical  and  Scientific 
Works,  and  is  one  of  the  largest  collections  of  the  kind,  in  this  country. 

The  Catalogue  has  been  very  carefully  prepared  and  printed,  at  a  heavy 
expense,  but  the  price  per  copy  has  been  fixed  at  the  above  low  price,  with  the 
hope  of  securing  a  large  distribution. 

For  Sale  at  the  Hall  of  the  Institute. 
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THE  POPULAR  SCIENCE  MONTHLY. 


CONDUCTED    BY 

L.    YO  U  M  A  NS. 


TAis  periodical  was  started  {in  1872)  to  promote  the  diffusion  of  valuable  scientific 

knowledge^  in  a  readable  and  attractive  fonn^  among  all  classes  of  the 

community,  and  has  thus  far  met  a  zuant  supplied  by  lib 

other  magazine  in  the  United  States. 


Ten  volumes  have  now  appeared,  which  are  filled  with  instructive  and  interesting  artl.  les  and  ab- 
stracts of  articles,  ori^nal,  selected,  translated,  and  illustrated,  trom  the  pens  of  the  leading  scientlflc  men 
of  dlflferent  countries.  Accounts  of  important  scientific  discoveries,  the  application  of  science  to  the  prac- 
tical arts,  and  the  latest  views  put  forth  concerning  natural  phenomena,  have  been  given  hysa/vants  of  the 
highest  authority.  Prominent  attention  has  been  also  devoted  to  those  various  sciences  which  help  to  a 
better  understinding  of  the  nature  of  man,  to  the  bearings  of  science  upon  the  questions  of  society  and 
government,  to  scientific  education,  jftid  to  the  conflicts  which  spring  from  the  progressive  nature  of  scien- 
tific knowledge. 

The  Popular  Science  Monthly  has  long  since  ceased  to  be  an  experiment.  It  has  passed  into  a 
circulation  far  beyond  the  most  sanguine  hopes  at  first  entertained,  and  the  cordial  and  intelligent  approval 
which  it  has  everywhere  met,  shows  that  its  close  and  instructive  discussions  have  been  well  appreciated 
by  the  reading  portion  of  the  American  people.  It  has  not  been  its  policy  to  make  boastftil  promises  of 
great  things  to  be  done  in  the  future,  but  rather  to  appeal  to  what  it  has  already  accomplished  as  giving 
it  a  claim  upon  popular  patronage.  But  no  pains  will  be  spared  to  improve  it  and  make  it^till  more  worthy 
of  liberal  support,  and  still  more  a  necessity  to  the  cultivated  classes  of  the  country. 

The  following  quotations  illustrate  the  way  it  has  been  habitually  spoken  of  by  the  press: 


"  That  there  is  a  place  for  The  Populae  Science 
Monthly,  no  one  can  doubt  who  has  watched  the 
steady  increase  of  interest  in  scientific  investigation 
manifested  in  this  country,  not  only  by  a  select  class, 
but  by  the  entire  community."— ivew  York  Times. 

"  We  think  it  is  not  too  much  to  say  that  this  is 
the  best^rs^  number  of  any  magazine  ever  pub- 
lished in  America." — Neiv  York  World. 

"A  journal  which  promises  to  be  of  eminent 
value  to  the  cause  of  popular  education  in  this 
country."— iV«w  York  Tribune. 

"  It  Is,  bevond  comparison,  the  best  attempt  at 
ioumalism  of  the  kind  ever  made  in  this  country." 
—norm  Journal. 

"It  is  just  what  is  wanted  by  the  curious  and 
progressive  mind  of  this  country,  and  ought  to  be 
widelv  circulated."— iV«w  York  Evening  Post. 

"  It  is  the  first  successful  attempt  in  this  country 
to  popularize  science  in  the  pages  of  a  monthly."— 
N.  Y.  School  Journal. 

"The  Monthly  has  more  than  fulfilled  all  the 
promises  which  the  publishers  made  in  the  pro- 
spectus of  publication."— iSTiograro  FaUs  Gazette. 


"  Tills  is  a  highly-auspicious  beginning  of  a  use- 
ful and  much-needed  enterprise  in  the  way  of  pub- 
lication, for  which  the  public  owe  a  speciaJ  debt  of 
obligation  to  Messrs.  D.  Appleton  &  Co." — Boston 
Gazette. 

"  This  new  magazine,  in  our  estimation,  has  more 
merit  than  the  whole  brood  which  have  preceded 
\V—08W(go  Press. 

"  In  our  opinion,  the  right  idea  has  been  happily 
hit  in  the  plan  of  this  new  monthly .''''— Buffalo 
Courier. 

"  This  is  one  of  the  very  best  periodicals  of  its 
kind  published  in  ihe  world.  Its  corps  of  contribu- 
tors comprise  many  of  the  ablest  minds  known  to 
science  and  literature.  It  is  doing  a  creat  and  noble 
work  in  popularizing  science,  pi-omoting  the  growth 
of  reason,  and  leveling  the  battlements  of  old  su- 
perstitions roared  in  the  childhood  of  our  race  be- 
fore it  was  capable  of  reasoning."— TA*  American 
Medical  Journal,  St.  Louis,  3jo. 

"  This  magazine  is  worth  its  weight  in  gold,  for 
its  service  in  educating  the  people."—  The  American 
Journal  of  Education,  St.  Louis,  Mo. 


The  Popxtlab  Science  Monthly  is  published  in  a  large  octavo,  handsomely  printed  on  clear  tjp®. 
and,  when  the  subjects  admit,  fully  illustrated.    Each  number  contains  128  pages. 

Terms :  $5  per  Annum,  or  Fifty  Cents  per  Num'ber. 

POSTAGE  FREE  TO  ALL  SUBSCRIBERS  IN  THE  UNITED  STATES. 

A  new  volume  of  the  Populak  Science  begins  with  the  numbers  for  May  and  November  each  year. 
Subscriptions  may  commence  from  any  date.    Back  numbers  supplied. 


Nmff  Ready.  Vols.  L,  IL.  III.,  IV.,  V.,  VI.,  VII.,  VIII..  IX.,  and  X.,  of  TBB  POPULAR 
SCIENCE  MONTHLY,  embracing  the  Numbers  from  1  to  60  (May,  1872,. to  April,  1877).  10  vols., 
8vo.    Cloth,  $3.50  per  vol.    Half  Morocco,  |C.5()  per  vol. 

For  Sale,  Binding  Case^  for  Vols.  /.,  //.,  ///.,  TV,  V,  VI.,  VII,  VIII,  IX.,  and  X,  of  THE 
"POPULAR  SCIENCE  MONTfiL  Y.  These  covers  are  prepared  expressly  for  binding  the  volumes  of 
The  Populab  Science  Monthly  as  they  appear,  and  will  be  sent  to  Subscribers  on  receipt  of  price. 
Any  binder  can  attach  the  covers  at  a  tHfling  expense.    Price,  50  cents  each. 

AGENTS  WANTED. 
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TH£  GBGATEST  LIVING  AUTHORS,  snch  as 


Prof.  Max  Muller, 

Rt.  Hon.  W.  E.  Gladstone, 

James  Anthony  Froude, 

Prof.  Huxley, 

Richard  A.  Proctor, 

Prof.  GoLDWiN  Smith, 

Edward  A.  Freeman, 

Prof.  Tyndall, 

Dr.  W.  B.  Carpenter, 

Frances  Power  Coebe, 


The  Duke  of  Argyll, 
William  Black, 
Miss  Thackeray, 
Mrs.  Muloch-Craik, 
George  MacDonald, 
Mrs.  Oliphant, 
Mrs.  ^Vlexander, 
Jean  Ingelow, 
Julia  Kayanaou, 
Thomas  Hardy, 


Matthew  Arnold, 

J.  Norman  Lockyer,  . 

Francis  W.  Newman, 

Alfred  Russell  Wallacb* 

Henry  Kinosley, 

W.  W.  Story, 

Ivan  Turouenief, 

Rusein, 

Tennyson, 

Browning, 


and  many  others,  are  represented  In  the  pages  of 

LITTELL'S  LIVING  AGE. 

In  1879,  The  Liyinq  Age  enters  upon  its  thirty-sixth  year,  admittedly  unrivalled  and  continuously  sue 
ccssfiil.    A'W  eekly  Magazine,  of  sixty-four  pages,  it  gives  more  than 

double-column  octavo  pages  of  reading-matter  yearly,  forming  four  largo  volumes.    It  presents  In  an  inexpen- 
sive form,  considering  its  great  amount  of  matter,  with  freshness,  owing  to  its  wecKly  issue,  and  with  a 
/tatis/actortf  completeness  attempted  by  no  other  publication,  the  best  Essays,  Reviews,  Criticisms,  Talcs, 
Slcetches  of  Travel  and  Discovery,  Poetry,  Scientific,  Biographical,  Historical,  and  Political  Information,  ' 
from  tho  entire  body  of  Foreign  Periodical  Literature. 

During  the  coming  year.  Serial  and  Short  Stories  by  tho  9f  ost  Eminent  Foreign  Authors  will  be 
given,  together  with  an  amount 

X7xxAx>X>3i^^A»o]3Locl.  'kyy  Aisa.^  otlaieir  Z'erl.ocUoA*! 

in  tho  world,  of  tho  most  valuable  Literary  and  Scientific  matter  of  tho  day  from  tho  pens  of  the  foremost 
Essayists,  Scientists,  Critics,  Discoverers,  and  Editors,  above-named  and  many  others,  representing  every 
department  of  Knowledge  and  Progress 

The  importance  of  The  Living  Age  to  every  American  reader,  as  the  only  satisfactorily  fresh  and 
complete  compilation  of  a  generally  inaccessible  but  indispensable  current  literature,  —  indi«pen«a6^« 
because  it  embraces  tho  productions  of 

TlF^'Bi  .rf^l3XjIESSn?  XjX\rXZi70b-  \A/  .MLX VIES JE1.S 

in  all  branches  of  Literature,  Science,  Art,  and  Politics,— is  sufficiently  indicated  by  the  following  recent 

"  1 1  is  a  thorough  compilation  of  what  is  best  in  the  llter- 
ature  of  the  day,  whether  relating  to  history,  biography, 
fiction,  poetry,  wit,  science,  politics,  theology,  cnticlsm, 
or  art.*'— Hartford  Courant. 

**  There  is  no  other  way  of  nrocnring  the  same  amonnt 
of  excellent  literature  for  anything  like  the  same  price."— 
Boston  Advertiser. 

*  There  is  no  magazine  published  that  gives  so  general 
a  knowledge  of  what  in  going  on  in  the  literary  world."— 
Presbyterian  Weellp,  Baltimore. 

"  The  ablest  essays,  the  most  entertaining  stories,  tho 
finest  poetry  of  the  English  language  are  here  gathered 
together."— ///iMot»  State  Journal. 

"  The  reader  finds  little  occasion  to  go  beyond  its  colnmns 
for  instructive  or  entertaining  articles  of  any  description." 
—Boston  Evening  Traveller. 

"  With  it  alone  a  reader  may  ftiirly  keep  np  with  all  that 
is  important  In  the  literature,  history,  pontics,  and  science 
of  the  day. "-The  Methodist,  yew  York. 

"  To  keen  up  with  It,  is  to  master  the  best  thought  of  our 
time."— Illustrated  Christian  Weekly,  New  York. 

"its  publication  in  weekly  numbers  gives  to  it  a  great 
advantage  over  its  monthly  contemporaries  in  the  spiilt 
and  freshness  of  its  contents.'*— The  Pacijic,  Sanltxm^ 
Cisco. 

"  A  pure  and  perpetual  reservoir  and  fountain  of  enter> 
tainment  and  instruction."— ifon.  Robert  C.  Winthrop. 

"The  best  and  cheapest  periodical  in  America."— 
Evangelical  CJiurchman,  I'oronto. 

'*  There  is  nothing  comparable  to  It  In  true  value  In  tho 
whole  range  of  periodical  literature."— J£7&i7e  Baily 
Register. 

*^l\,  is  the  only  compilation  that  presents  witli  a.  satis- 
factory completeness,  as  well  as  fi-eshness,  a  literature 
embracing  the  productions  of  the  ablest  und  most  cultured 
writers  living.  Jt  is.  therefore,  indispensable  to  every  one 
who  desires  a  thorough  compendium  cif  all  that  is  admirable 
and  noteworthy  in  the  literary  world?*— Boston  Post. 

"  Ought  to  find  a  place  In  every  American  home."— 
New  York  Times, 
Published  Weeklt,  at  $8.00  ti  ycaryj-ec  of  postage.    An  extra  copy  sent  gratis  to  any  one  getting  up  a 
club  of  live  new  subscribers. 

All  new  subscribers  for  1879  will  receive  gratis  the  six  numbers  of  1878  containing,  with  other  valuablf 
matter,  the  first  parts  of  "Sir  Gibbie."  a  new  Serial  of  much  interest  by  GEORG£  MACDONAXD^ 
now  appearing  in  The  Living  Age  from  the  author's  advance  sheets.  Other  choice  new  serials  by  dis- 
tinguished authors  are  engaged  and  will  speedily  appear. 

CLUB  PRICES  FOR  THE  BEST  HOME  AND  FOREIGN  LITERATURE. 

[  "  Possessed  of  *  Littell's  LrviNO  Age  »  and  of  one  or  other  of  our  vivacious  American  monthlies,  A 
subscriber  will  find  himself  £»  command  of  the  whole  situation.'^*]  —  Philadelphia  Evening  Bulletin. 

For  $10.60,  The  Living  Age  and  either  one  of  the  four-dollar  monthly  Magazines  (or  Harper's  Weekly 
OT  Bazar),  vfiliho  Bent  for  A  yeaVi  with  postage  prepaid  on  both;  or,  for  $9.50,  The  Living  Age  and  the 
JSt.  Nicholas,  or  Appleton's  Journal,  both  postpaid. 

Address  LITTELIi  &  GAY,  1 7  Bromfield  St.,  Boston. 


"  The  Living  Age  supplies  a  belter  comijendimn  of 
current  discussion,  information  and  Investl^^utiou,  and 
gives  a  greater  amount  and  variety  of  reading-matter 
which  it  is  well  worth  while  to  retid,  tliun  any  other  pub- 
lication. ...  It  is  simply  indispensable."— /fos/on  Jouinal. 

"  It  contains  the  best  results  of  the  world's  thinking."— 
The  Churchman,  Neio  York. 

"  It  affords  the  best,  the  cheapest,  and  most  convenient 
means  of  keeping  abreast  with  the  progress  of  thought  In 

all  Its  phases It  Is  the  best  work  of  Its  kind  ever 

pubhshed  in  the  country,  and  can  hardly  ever  be  improved 
upon."— iVortA  American,  Philadelphia. 

"  The  prhice  among  magazines."— iVcw  York  Observer. 

"In  it  we  find  the  best  productions  of  the  best  writers 
upon  all  subjects  ready  to  our  hand.  .  .  .  Through  its 
pages  alone  it  is  possible  to  be  as  Uioroughly  well  Informed 
In  cnrrent  Uterature  as  by  the  perusal  of  a  long  list  of 
monthlies."— PAi7a<fe/p/ita/n<7tf/rer. 

"  Its  pages  teem  with  the  choicest  literature  of  the  day." 
—New  York  Tribune.    ■ 

"  Its  frequent  issue  and  ample  space  enable  It  to  do  fully 
what  it  proposes  to  do,— to  give  all  that  the  very  ablest  of 
living  writers  furnish  to  periodical  literature  on  science, 
history,  biography,  philosophy,  ixHJtry,  theology,  politics 
and  criticism,  and  to  add  to  this  the  full  complement  of 
the  best  that  tliere  is  in  notion."— Tfie  Interior,  Chicago. 

"One  cannot  read  everything Ko  man  will  be 

beUnd  the  literature  of  the  times  who  reads  The  Livino 
Age."— Zion's  Herald,  Boston. 

"  Every  weekly  number  now-a-days  Is  equal  to  a  first- 
class  monthly.  For  solid  merit.  It  is  the  cheapest  maga- 
zine in  the  land."— 7%c  Advance,  Chicago. 

"  Gives  the  best  of  all  at  the  price  of  one.**— New  Fork 
Independent. 

**  It  focalizes  the  best  literature  of  the  age.  ...  It  Is  the 
most  wonderful  weekly  publication  of  which  we  have  any 
knowledge."— -Sf<.  Louts  Observer. 

"  In  no  other  single  publication  can  there  be  found  so 
much  of  sterling  literary  excellence."— i\^.  K  Evening  Post. 

*•  It  has  no  equal  la  any  country."— Philadelphia  Press. 
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The  Journal  op  the  Frakklin  Institute  is  issued  in  monthly  numbers, 
of  seventy-two  pages  each,  largely  illustrated,  forming  two  volumes  annually. 

Its  object  is  to  encourage  oiiginal  research,  and  disseminate  useful  knowledge 
in  all  matters  relating  to  the  practical  application  of  science,  but  more  espe- 
cially to  engineering  and  the  mechanic  arts. 

The  number  for  December,  1878,  completed  the  one  hundred  and  sixth  vol- 
ume of  the  Journal,  and  closed  the  fifty-third  year  of  its  existence,  and  its 
next  volume  has  commenced  under  very  favorable  auspices. 

Under  the  direction  of  the  Committee  on  Publication,  with  its  list  of  able 
scientists  and  engineers,  as  contributors,  largely  increased,  and  with  the  fact 
^hat  it  is  the  only  Technological  Journal  published  in  the  United  States  without 
any  private  pecuniary  interest,  sufficient  assurance  is  given  that  it  will  main- 
tain its  high  position  as  a  leading  organ  of  technology  and  a  standard  work  of 
reference. 

Beside  a  great  variety  of  matter  of  general  interest,  the  Journal  contains  the 
proceedings  of  the  meetings,  and  has  contributed  in  a  very  large  degree  to  the 
usefulness  of  the  Institute,  which  should  especially  commend  it  to  the  support 
of  the  members. 

The  Committee  on  Publication  are  desirous  of  increasing  its  circulation, 
being  fully  assured  that  it  will  more  than  repay  the  small  outlay  requii-ed  to 
secure  it. 

As  the  Journal  circulates  extensively  among  scientific  men,  engineers  and 
manufacturers,  advertisers  will  find  it  to  their  advantage  to  avail  themselves  of 
its  advertising  columns. 
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Communications  for  the  Journal  and  business  letters  should  be  addressed  to  the 
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MACHINES    FOR    MAKING   ICE,  USING   SULPHUROUS 
ACID  OR  AMMONIA  IN  THE  PROCESS. 


Note  from  the  Establishment  of  Raoul  Piotet  &  Co.,  Pahls. 


Tramlated''  by  Roht.  Briggs,  (\  K 


The  result  iK^eomplislied  by  a  machine  in  making  ice  and  its  corres- 
jx)nding  expenditure  of  force  cjin  be  investigated  as  follows : 

In  order  to  ascertain  with  exactness  the  useful  efiect  of  it  freezing 
machine  it  is  needful  first  to  establish  the  theoretic  maximum  effect 
which  it  can  produce,  and  then  make  a  comparison  of  ideal  result  with 
what  may  be  derived  in  practice. 

[The  difference  between  the  theoretic  and  experimental  results  will 
represent  the  losses  incident  to  the  mechanisms  employed  and  to  the 
process  folloAved ;  being  in  one  case  loss  of  powder  from  friction  of 
parts  or  of  heat  from  radiation  from  the  apparatus,  and  in  the  other 
the  heat  expended  and  transmitted  over  and  above  that  absolutely 
demanded  for  mechanical  effect  or  required  to  be  removed  for  refrig- 
eration. These  losses  are  grouped  in  the  original  under  the  appella- 
tion of  ^^  passive  efforts."] 

^  The  paragraphs  in  [brackets]  are  amendments  or  additions  to  the  original. 
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1st.  When  making  ice  by  any  process  whatever,  it  is  indispensable 
to  take  up  the  quantity  of  heat  which  is  set  free  by  the  congelation  of 
water,  and  to  carry  that  quantity  of  heat  to  water  having  the  temper- 
ature of  tlie  surrounding  air,  which  temperature  is  always  above  the 
}M)int  of  freezing,  and  generally  varies  between  +  10°  and  +  30° 
<'entigrdde. 

[Throughout  this  translation  metric  values  for  temperatures  and 
quantities  of  all  kinds  will  be  used.] 

2d.  The  mechanical  theory  of  heat  furnishes  a  general  form\ila, 
which  expresses  the  maximum  of  labor  to  be  expended  in  obtaining 
this  result.  Calling  ^  =  a  certain  quantity  of  heat  which  is  made  to 
pas«i  from  the  lower  temperature  =  ^  to  a  higher  one  =  ^',  and  calling 
./  =  the  mechanical  equivalent  of  heat,  equal  to  431  kilogram-metres, 

t^ I 

we  have :  a  ^rzrr;;^ J  =  labor  necessary. 

^  274° +  < 

[This  formula  may  be  elucidated  in  the  following  way.  The  physical 
phenomenon  on  which  all  the  machines  for  ice  making  is  based  is  the 
relation  of  the  seiLsible  heat  of  gaseous  bodies  to  their  densities.  A 
gas,  havmg  a  sensible  temperature  below  the  freezing  point  of  water, 
is  permitted  to  take  up  a  certain  quantity  of  heat  of  refrigeration  of 
water.  It  is  then  compressed  by  mechanical  force  until  it  shall  have 
atfciined  some  given  temperature  above  that  of  a  water  supply  at  the 
disjwsal  of  the  apparatus,  the  water  from  which  shall  now  take  up  and 
carry  off  the  quantity  of  heat  originally  imparted  to  the  gas,  when  the 
gas  being  permitted  to  expand  (and  in  a  perfect  apparatus  to  give  out 
its  force  of  expansion  to  the  machine)  to  its  original  density,  it  will  be 
prepjired  to  receive  another  charge  of  heat,  and  the  complete  cycle  of 
operation  will  have  been  established. 

Let  Q  be  the  quantity  of  heat  present  in  a  definite  volume  of  the 
transfer  medium — the  gas — at  the  time  when  it  is  in  condition  to  absorb 
the  heat  of  congelation ;  let  g  be  the  quantity  of  heat  imparted  to  the 
transfer  medium  by  the  congelation ;  then  §  -f-  g  =  quantity  of  heat 
in  transfer  medium  at  some  definite  condition  of  energy,  and  sensible 
temperature  =  t  which  is  to  be  elevated  by  mechanical  effort  to  <'  for 
the  purpose  of  allowing  q  to  pass  off.  Let  the  weight  of  the  medium 
employed  ^=  W;  then  W,  multiplied  by  the  absolute  tem^jerature  of 
the  medium,  at  any  sensible  temperature  whatever,  represents  the  quan- 
tity of  heat  present  at  that  temperature. 

,-.     WX (274° -\-t)=Q+q  at  the  temperature  t  (1) 

Trx(274°+0=§+9+^  "  ^'.  (2) 

where  II  =  the^increment  of  heat  in  passing  from  f  to  f\ 
/.     i2=V[(274° +0— (274° +t)-\=  W(f-f) 
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and  as  from  (1)  M  =-«±iL     .-.     ^=L«±£)fcO 

V  )  274° +  <  274° +< 

Now,  if  the  transferring  medium  parts  with  the  quantity  of  heat  q 
at  the  temperature  =  fy  and  then  is  permitted  to  expand  to  its  primary- 
condition,  and  is  made  to  give  back  by  its  expansion,  the  force  of 
expansion,  which  is  applied  to  the  retrograding  piston  of  the  air  or 
vapor  pump,  it  will,  when  it  reaches  the  first  temperture  =  t,  have 

given  out  force  represented  in  heat  units  by  Jf  =^      ^ and   the 

difference  between  the  number  of  heat  imits  expended  in  compression 

and  those  developed  by  expansion=^— ^=  ^J"^} ^  —  ^^ — - 

^^   ^     ^  274°+^  274° +  < 

==q  — )l       ^  ^  representing  the  units  expended  in  the  cycle  of  work. 

Whatever  mechanical  effort  may  have  been  expended  in  the  act  of 
transfer  of  heat  from  the  water  to  the  medium,  during  the  congelation 
in  its  certain  time,  will  be  compensated  for,  in  the  transfer  which  occurs 
from  the  medium  to  the  water  for  removal  of  heat,  at  the  higher  point 
of  temperature.  The  same  quantity  of  heat  =  q  having  to  be  taken 
«p  and  given  out  in  constantly  recurring  intervals  of  time — ^practically 
in  the  same  times. 

Multiplying  the  heat  units  by  the  mechanical  equivalent  =  /,  we 

If I 

have  Pictef  s  formula :  q J  =  mechanical  effortl 

^274° +<  -^ 

Suppose  we  would  make  100  kilos,  of  ice  per  hour  with  water  of 
20°.  Each  kilo,  of  ice  in  such  case  will  represent  79+20=99  calories. 
In  order  to  estimate  the  force  in  horse-power,  replace  the  letters  by  the 
following  figures : 

First,  on  the  supposition  of  complete  and  instantaneous  transfer  of 
heat  t  =  0°  temperature  of  congelation. 

t^  =  20°  temperature  of  water  of  supply  both  for  congelation, 

and  for  removal  of  surplus  heat. 
«/  =  431  kilogram-metres  =  mechanical  equivalent  of  heat. 
One  horse-power  =  270,000  kilogram-metres  per  hour. 

.-.    100X99X-^^i r_x431-~-270,000=l-164  horse-power. 

274° +0°  ^ 

Second,  for  the  machine  with  sulphuroiLS  acid  there  must  be  10° 
difference  of  temperature  at  both  extremes  of  the  process  between  the 
water  used,  for  congelation  on  the  one  hand,  or  for  removal  of  excess 
of  heat  on  the  other,  when 
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IOC)  X  99  X  Jl""^^     ^     ^^  X  431  ~-270,QQQ=2'4  liorse-])<)wer> 


/  =  — 10^  temperature  transferring  medium  when  vajMunzing- 
e+W=t^  =  SO''  "  "  "       to  be  wndeased. 

other  values  being  as  before  (when  /°  =  temj)erature  of  water  =  20^), 

_3a 

274°  +  (— 10^) 

With  the  Avater  at  10°  ,\  t  =  —  10°  ;  f  =  20°,  and  each  kilo,  of  ice 
representing  79  i    10  =  89  calories. 

,\     100  X  89  X-^^1 ^ —I  X4;n~270,000=l-()18  horse-l)<l^fer. 

274°  +  (— 10°) 

[The  following  table  gives  several  numeric^d  values  to  bi^  applied  m 
the  formation  of  a  scale  which  will  exhibit  graphically  all  the  results 
from  the  formula : 

Table  of  computation  of  theoretic^  force,  in  horse-power^ 
demande<l   in  making  ice  from  water  of  various  tem|)emtures,  on  the 
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14 

—10 

«9 

10 

0-0379 

0-418 

0-502 

'2;j 

—  5 

74 

15 

0-0568 

■       0-672 

0-806 

li-l 

0 

79 

20 

0-0758 

0-958 

1-150 

41 

5 

84 

25 

0-0947 

1-273 

1-528 

50 

10 

89 

30 

0-1136 

1-618 

1-942 

59 

15 

94 

35 

•  0-1325 

1-993 

2-392 

68 

20 

99 

40 

0-1515 

2-400 

2-880 

77 

25 

104 

45 

0-1704 

2-835 

3-402 

m 

30 

109 

50 

0-1894 

3-303 

3-961 

95 

35 

114 

55 

0-2083 

3-800 

4-560 

104 

40 

119 

60 

0-22 

73 

4-328 

5-194 

supposition  that  the  transfer  medium  be  brought  to  10°  below  the 
point  of  congelation  for  its  lower  temperature,  and  be  carried  to  10° 
above  the  water  for  removal  of  heat  for  its  higher  temperature,  in  order 
to  eifect  the  operation  in  a  given  time  and  against  losses  of  heat. 
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Formula :  x  =  (L+n  l^^LlzA  y  J 

270,000 
-where  L  =  latent  heat  of  congelation  =  79°  ;  q  =  quantity  of  ice  i)er 
hour  =  100   kilos ;   t^  =  temperature  of  water,  variable ;  t  =  10° 
below  point  of  freezing  =  — 10°;    <' =  <°  -|-  10°,  variable ;  J  == 
€(juivalent  of  heat  =  4e31  calories. 


270,000  / 
=  O-16X(79+^0x(^--) 


Referring  to  the  plate  accompanying  this  paper,  the  line  A  repre- 
sents the  theoretic  results  of  a  machine  using  sulphurous  acid.  The 
abscissae  are  the  temperatiu'es  and  the  ordinates  the  corresponding  forces 
in  horse-power.] 

3d.  These  results  can  be  compared  with  the  performance  of  the  ice 
machine  in  the  present  Exhibition  at  Paris,  the  dimensions  of  which 
are  a*?  follows : 

Stroke  of  piston  or  stetim  cylinder  =    1  metre. 
Diameter  of    "  ^'  =  50  centimetre^'. 

Pressure  of  steiim  =    5  kilos.*  per  sq.  centimetre. 

Point  of  cut  off  of  steam  in  cylinder  =  10  centimetres. 
Back  pressure  in  steam  cylinder  =  0.15  kilos,  per  sq.  centi- 
metre. 
Stroke  of  piston  in  cylinder  for  compression  of  sulphurous 

acid  =  1  metre. 
Diameter  of  cylinder  for  compression  of  sulphurous  acid  = 
42  centimetres. 
P  =  pressure  at  the  time  of  expiration,  0*8  kilos,  per  sq.  centimetre. 
P^  =       "  ^*  compression,  2*7  kilos.  " 

Velocity,  30  to  32  turns  per  minute. 

In  "  ClaudeFs  formula.^"  will  be  found  (fs  356—372,  of  Ed.  1857), 
for  calculating  the  dimensions  of  condensing  steam  engines  having 
a  single  cylinder  with  cut  off,  the  formula  for  estimating  the  power 
given  out  is : 


■*A  kilogramme  to  the  square  centimetre  =  14*22  lbs.  to  the  square  inch.  An 
atmosphere  =  14*7  lbs.  per  square  inch,  or  1*033  kilos  per  square  centimetre.  The 
horse-power,  metrical  value  =  75  kilogram-metres  per  second  =  270,000  kilogram- 
metres  p6r  hour  =  1,052,971  lbs.,  in  place'of  1,980,000  lbs.,  the  English  value. 
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T^  =  Vhk{l  ^log.  (1-)  X  2-3026  -~+-) 
\zj  h      zj 

In  this  formula  T^  =  power  given  out  in  great  dynamic  units  = 
J, 000  kilogram-metres — substituting  for  these  their  value  in  horse- 
power per  second,  we  have 

0-075  X  =  Vhk  (1  ^log.  (l-)x2'm26——X—) 
\zj  h      zj 

which  is  the  formula  used  in  the  original  of  this  translation. 

Where  x  =  power  given  out  in  hoi-se-power, 

V  =  volume  of  steam  per  second  of  time,  before  cutting  off^ 

that  is  used  under  the  full  pressure  A, 

h  =  pressure  of  steam  in  metres  of  height  of  water  =  kilos. 

per  sq.  centimetre, 

/i'  =  back  pressure  in  cylinder, 

z  =  whole  length  of  stroke  in  metres, 

2q  =  length  of  stroke  to  point  of  cut  off  in  metres, 

Vh  =  labor  done  before  cutting  off, 

Vh  log.(-?-)  X2-3026=labor  done  after  (putting  off. 

k  =  C50-efficient  dej)endent  upon  resistance  of  engine,  taken 
by  M.  Pictet  at  0-73.* 
substituting  in  the  equations  the  values  given,  we  have  (taking  the 
velocity  at  30  turns  per  minute,  or  one  stroke  per  second) — 

0-075  .»=  [(0-52)  X  -  XO-lXoXO-73  (l+log.JLx  2-302f>  — 

0-15^ 


m 


5 

0-075  aj=[0-196  X  5  X 0-73(1  i  1  X  2-3026—0*03  X 10)] 
0-075  a^=0-7154(3-3026— 0-30)=2-14807 

j?=2-87  effective  horse-i)ower. 

♦This  value  of  0*73  does  not  correspond  to  any  value  given  by  Claudel  (edition 
1867),  where  k  has  given  many  values,  dependent  on  point  of  cut  off,  from  0*72  for  Jd 
to  0.84  for  Jth ;  and  also  other  values  dependent  on  the  size  of  engine,  thus  for  several 
flizes  ef  engines,  all  of  which  are  supposed  to  cut  off  at  one-fourth  the  stroke,  th©  val- 
ues given  are  from  0*44  for  4  to  6  horse-power  to  0*74  for  60  to  100  horse-power.  The 
co-efficient  is  purely  empirical,  and  the  value  of  the  result  in  useful  effect,  derived 
from  the  computation,  is  not  very  satisfactory  when  it  is  considered  that  indicator 
cards  could  have  been  taken  from  the  engine  at  tlie  Exposition  at  any  time. 
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[In  the  original,  at  this  place  there  follows  a  computation  of  the 
force  of  compressing  the  gas  in  the  compressing  cylinder  from  0*8  kilos, 
to  2*7  kilos  pressure.  It  is  impossible  to  accept  this  computation  as 
the  tension  of  vapor  of  sulphurous  acid  corresponding  to  30°,  the  suj)- 
posed  maximum  reached,  or  rather  point  of  removal  of  heat,  is  4*5() 
atmos.  (=  kilos,  nearly),  and  the  tension  corresponding  to  20°,  the 
accepted  temperature  of  the  water,  is  3*24  atmos.  Probably  the  pre!?4- 
sure  P'  was  3*7  kilos,  but  this  value,  used  in  the  formula  taken  by  M. 
Pictet  &  Co.,  gives  a  greater  result  in  horse-power  in  the  compression 
than  was  exerted  in  the  steam  cylinder.  Indicator  cards,  with  temi^er- 
atures  by  observation,  alone  are  reliable  as  practical  data,  and  these  are 
wanting  to  the  above  statements.] 

The  calculation  of  the  weight  of  sulphurous  acid  evapomtetl  at  eatJi 

Htroke  of  the  piston  is  as  follows : 

Density  of  sulphurous  acid      =  2*21 

Weight  i^er  cubic  litre,  at  0°,  =  2*88  grams. 

974 
.-.  Weight=  W=n  /-^  X 1"  X  ^iLl x  2*88  X 1000  X 0*8  ;  taking  fcO^ 

Tr=0-1385  X  2-88  X 1000  X  0-8=31 9  grams. 

The  useful  effe<;t  of  the  compression  being  90  per  cent,  between  the 
limits  of  pressure  named,  this  weight  is  raluced  to  287  grams  [kt 
stroke  or  half  revolution  of  the  engine. 

The  latent  heat  of  evaj)oration  of  sulphurous  acid  is  94*5  calories 
per  kilogram  vaporized.  The  weight  of  ice  formed  [>er  hour,  inde- 
pendent of  external  losses  by  radiation  or  conduction,  L< : 

287X60X60X94-5      .  nn/^  i -,  ro--         .         ui 

=1,000  kilograms  [9/  (  exact  result.] 

99 

This  machine  makes  1,0(X)  kilos  of  ice  i>er  hour,  and  employs  29 
horse-power,  of  which  only  22  is  utilized  in  the  labor  of  (»ompressing 
the  vapor  of  the  sulphurous  acid. 

4th.  In  the  plate,  the  curve  C  shows  the  maximum  tension  of  the 
vapor  of  sulphurous  acid  at  the  temperature  given  by  the  alwissa,  as 
ascertained  by  M.  Regnault.  [In  the  original  paper  it  reads,  "  The 
temperature  corresponding  to  2*7  kilos  '  effective '  is  25°."  This  allu- 
sion would  confirm  the  view  of  the  translator  that  the  pressure  obtained 
in  the  compressor  cylinder  is  3-7  kilos,  at  least,  but  this  rendering  is 
fatal  to  the  computation  of  power  in  the  compressor  a^  it  ap|>ears  in 
the  original. 

5th.  If  the  value  of  power  expended  which  has  been  computed  from 
the  formula  of  Claude!  on  the  data  given  by  M.  Pictet  &  Co.  be 
accepted  as  giving  a  correct  result  in  the  one  particular  instance  to 
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ooiupare  with  that  derived  from  the  theory  of  heat,  the  simple  addi- 
tion of  20  per  cent,  to  any  of  the  theoretic  values  will  exhibit  with 
much  fairness  the  practical  useful  effect.  Some  economies  may  attach 
to  the  performance  of  the  larger  apparatus,  but  those  may  be  held  to 
belong  to  the  sizes  of  apparatus  ratlier  than  to  the  resistance  to  be  over- 
come. The  line  B  shows  the  horse-power  deemed  requisite  by  M. 
Pictet  &  Co.  to  make  100  kilos  of  ice  per  hour.  But  the  translator  Ls 
of  opinion  that  these  vahies  are  about  25  i>er  cent,  too  small,  or,  in 
other  words,  that  the  best  practical  result  will  he  about  50  per  cent, 
above  t]ie  theoretic  one,  as  there  is  not  only  to  be  met  "  the  work 
expended  in  friction  of  connecting  rods,  cranks,  pistons,  screws,  centri- 
fugal pumps,  etc.",  but  also  many  considerable  and  quite  unavoidable 
losses  of  heat.] 

6th.  It  is  obvious  that  the  same  methods  of  reasoning  and  the  same 
calculations  will  apply  to  higher  or  intermediate  temperatures. 

7th.  [The  final  result  from  these  considerations  indicates  a  theoretic 
expenditure  of  force  in  making  100  kilos,  of  ice,  per  hour,  by  means 
of  ice  machines  using  sulphurous  acid,  to  be  from  1'27  to  4'3  horse- 
power, in  countries  having  the  extremes  of  temperature  of  5°  to  40°, 
and,  according  to  M.  Pictet  &  Co.,  from  1'53  to  5*2  horse-power,  or, 
yet  again,  fbr  liberal  allowance,  from  1*9  to  6*5  horsc-i)ower  in  coun- 
tries having  the  same  relations  in  temperature. 

8th.  Using  a  condensing  engine,  the  consumption  of  c<ml  per  horse- 
power and  per  hour  can  easily  be  brought  to  1*5  kilo.  An  engine  cut- 
ting off  its  steam  at  1-lOth  the  stroke,  as  assumed  in  this  case,  with 
boilers  of  average  economy,  say  the  burning  of  9  kilos  of  coal  to  the 
kilo,  of  water  evaporated,  =  to  the  production  of  4,833  calorics,  should 
develop  a  horse-power  with  under  one  kilo  of  coal  per  hour.  This 
assumption  of  a  large  value  for  the  coal  per  horse-power  is  confirma- 
tory to  the  expenditure  of  more  power  than  was  apparently  given  out 
by  the  (computation.  Taking  the  translator's  estimate  for  horse-power 
demanded,  and  the  assumption  of  engines  and  boilers  with  one  kilo,  of 
coal  per  horse-power  per  hour,  we  have,  in  countries  where  or  when 
wiiter  at  5°  is  attainable,  about  50  kilos,  of  ice  to  1  kilo,  of  coal,  while 
in  the  hottest  sup]K)S{ible  locality,  where  the  water  reaches  40°,  16  kilos, 
of  ice  can  l)e  made  with  1  kilo,  of  coal  burned.  ^Vccepting  30°  as  the 
temperature  of  water  in  a  liot  country,  100  kilos,  of  iee  ought  to 
})roceed  from  the  expenditure  of  5  horse-power,  and  20  kilos,  of  ice 
from  the  combustion  of  1  kilo,  of  (5oal.  The  assumption  of  engines  to 
cut  off  at  one-tenth  the  stroke  is,  however,  not  generally  admissible 
for  any  but  the  largest  engines,  and  the  allowance  of  1*5  kilo,  of  cM>al 
per  horse-power  gives  13*3  kilos,  of  ice  to  each  kilo,  of  coal  burned,  as 
a  high  practical  result.] 
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9th.  The  use  of  water  power  will  considerably  reduce  the  cost  of 
running  an  ice  machine. 

[It  may  be  remarked,  as  a  final  result  of  the  foregoing,  that  the  econ- 
omy of  ice  machines  evidently  depends,  1st,  upon  the  small  differences 
of  temperature  between  the  transfer  medium  above  the  cooling  water, 
on  the  one  hand,  or  below  freezing  point  of  water  on  the  other.  In 
the  (5ise  where  fluids  are  used  which  condense  at  temperatures  and  pres- 
•  .<ure  within  the  range  of  the  operation,  it  is  jKJSsible  that  much  heat 
may  be  given  out  to  the  cooling  water  above  the  point  of  condensation 
nnd  a  non-re versable  cyclic  \k\  i^^i  up ;  and  the  economy  depends,  2d, 
on  the  economy  of  tlie  source  of  motive  power,  that  is,  of  the  steam 
C'ngine  and  boilers  employed.] 

IrE  Machines  using  Ammonia. 

l()th.  In  considering  this  class  of  ice  machines,  it  will  be  a^^sumed 
that  their  construction  and  process  in  operation  is  known.  The  quan- 
tity of  heat  to  l>e  furnished  to  the  boiler  is  composed  of  two  entirely 
distinct  parts,  the  first  of  which  is  that  necessar\^  to  evaporate  the 
ammonia  in  the  freezer,  utilizing  the  latent  hetit,  while  the  second  is 
the  heat  lost  by  es<*ape  of  temperature  through  the  transmiasion  of  the 
total  amount  of  heat  which  has  to  traverse  five  heavy  iron  apparatus 
successively.  This  Ioks  will  be  estimated  at  its  maximum  theoretic 
value. 

11th.  Taking  for  calculation  the  production  of  100  kilos  of  ice 
l>etween  ordinary  limits  of  temperature  in  warm  countries,  that  is  to 
say,  (M>ndensation  at  j  80°  and  freezing  at  — ''iO°,  we  have  for  the  first 
source  of  expenditure  of  heat  the  loss,  between  a  tem{)erature  of  +140° 
[corresponding  to  16  atmospheivs  pressures]  and  — 80°,  which  are  the 
extremes  of  temperature  between  which  the  non-reversible  cycle  of 
ojx^nitions  is  performed,  =  (taking  the  water  at  20°) 

9,900  X  --■^i^zlzZ^°) =6900  cjilories. 
274  :-(— 80°) 

12th.  And  for  second  source  of  exj)enditure  of  heat — ^thajb  of  heat 
generated  in  i\\Q  boiler,  which  is  never  returned,  but  is  wasted  in  the 
process — we  estimate  the  pressure  in  the  boiler  to  be  16  atmospheres, 
which  })ressure  shall  be  divided  into : 

4  atmosphei'es  for  steam, 
12  "  for  the  ammonia. 

The  distillations  will  (K^cur  proportionately  to  their  maximum  ten- 
sions, and  then  to  remove  10,000  calori(»s  i>er  hour  [9,900,  if  the  water 
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The  theoretic  quantity  of  coal  consumed  by  the  ammonia  process, 
then  becomes  3-8  +  16-75=20-37  kilos,  (against  the  3*6  kilos,  by  the- 
sulphurous  acid  process. 

14a.  It  is  noted  in  the  original  that  the  above  estimate  does  not 
include  the  power  for  driving  the  feed  pump  or  for  agitating  the  liquid^ 
and  there  is  estimated  at  least  1*5  kilos,  for  these  purix)ses  and  for  the 
force  expended  in  the  transmission,  and  reference  is  made  to  lines  of  the- 
oretic and  practical  effect  of  ammonia  ice-making  machines  which  do 
not  seem  founded  on  any  reliable  data  or  experimental  basis.  This* 
portion  of  the  paper  would  be  more  satisfactorily  presented  if  it  ha<i 
the  authorization  of  the  maker  of  the  Carrfe  machine.] 


STEAM  ENGINE  GOVERNORS. 


By  J.  Haug,  M.  E. 


The  application  of  the  conical  i>endulum  as  a  governor  to  the  steant 
engine  dates  from  the  time  of  Watt,  and  although  countless  modifica- 
tions of  this  principle  have  been  patented  since  that  time,  and  certaiifc 
advantages  claimed  for  each  of  these,  yet  the  general  opinion  of  engi- 
neers conversant  with  this  sub- 
ject is,  that  only  few  of  them  ^* 
can  really  be  considered  supe- 
rior to  Watt's,  while,  as  regards 
simplicity,  the  latter  has  decid- 
edly the  advantage. 

The  two  forces  acting  in  a 
conical  pendulum  are : 

The  weight  of  the  ball  {W 
in  Fig.  1)  acting  vertically 
downward,  and  the  centrifugal 
force  C,  acting  horizontally  out- 
ward. Constructing  a  paral- 
lelogram of  forces,  the  resultant 
jR  will  give  the  angle  a  ^,  at  which  equilibrium  is  attained.  Then  a* 
angle  a  is  equal  to  a ',  and  the  triangles  A  B  D  and  B  R  W  are- 
similar,  it  follows  that  their  respective  sides  are  of  the  same  propor- 
tion, or 
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(1) 


_  =   Jf 

r  U 

i.  <■.,  the  height  of  suspentsion  is  to  the  radius  of  revolution  as  the 
■weight  of  the  ball  is  to  it<  centrifugal  force. 
But  the  latter  is : 

^,_(2;r«)V»' 

9 
•where  n  =  number  of  revolutions  j)er  second  and  y  =  unit  of  gravity 
=  32-166  feet. 

Introducing  this  terra  in  Formula  ( 1),  we  have 

or  if  /I,  =  number  of  revdiutions  per  minute, 


:ind 


.         2993.     »   , 
h  ^  — —  m  feet. 


,,  =   te 


Fig.  2. 


Fig.  ;5. 

Wherever  tlie  joints  of  the  arms  may  be  situated,  h  is  always  the 
vertical  distance  from  centre  of  ball  to  intersection  of  arm  with  the 
ct^ntre  line  of  spindle,  as  shown  in  Figs.  2  and  3,  which  will  be  evi- 
dent when  it  is  considered  that  the  centrifugjil  forc€  is  directly  propor- 
tional to  the  radius  of  revolution. 
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In  the  above  demonstration  no  account  has  been  taken  of  the  weight 
of  arms  and  other  gear  connected  with  the  governor. 
Taking  now  (Fig.  A\  a  A  D,  —  b  =  A  C. 
W=  weight  of  ball  -{-  half  the  weight  of  suspension  rod. 
P  =  weight  of  collar  B  -\-  weight  of  other  gear  not  balanced. 


Then 


^ 


2933/ 


1 


Wa) 


(4) 


While  the  force  exerted  by  P  is  added  to  the  force  IF  (Fig.  1)  m 
proportion  to  its  leverage,  it  cannot  increase  the  centrifugal  force,  which^ 
to  attain  equilibrium,  has  to  be  augmented  by  a  greater  number  of 
revolutions,  as  obtained  by  Formula  (4). 


Fig.  5. 


Fig.  6. 


In  Porter's  governor,  as  first  applied  to  the  high-speed  Allen  engine,, 
we  find  the  extreme  application  of  this  idea  (Fig.  5) ;  the  balls  are 
made  ver}'  small,  and  the  heavy  central  weight  is  balanced  by  a  greater 
number  of  revolutions. 

In  place  of  a  central  weight,  springs  of  different  shajies  have  been 
applied,  but,  owing  to  the  resistance  of  a  spring  increasing  with  its^ 
deflection,  its  action  is  somewhat  different  from  that  of  a  weight. 

Fig.  6  shows  the  extra  weight  adjustable  on  a  lever ;  by  shifting  it 
in  or  out  the  governor  may  be  made  to  regulate  for  a  smaller  or  greater 
number  of  revolutions. 

The  ordinary  governor  has  the  great  disadvantage  of  not  being-^ 
isochronous  or  "  equal  timed" ;  at  the  normal  speed  of  the  engine,  the 
arms  can  only  be  in  one  certain  position,  corresponding  to  a  certain 
position  of  throttle  or  cut  off.  An  increase  or  decrease  of  load  will 
necessitate  a  change  of  throttle  or  cut  off,  and  a  corresponding  position 
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Fig.  7. 


of  governor,  which  can  only  be  attained  by  a  proportional  decrease  or 

increase  in  the  number  of  revolutions. 

To  overcome  this  difficulty,  a  great  many  isochronous  governors 

have  been  brought  out,  of  which  the  "  parabolic''  governor  may  be 

^aken  as  theoreticaUy  |)erfect. 

In  a  common  parabola  (Fig.  7),  all 
"  subnormal"  lines,  t.  ^.,  the  vertical  dis- 
tance h  of  the  intersection  of  a  line 
normal  to  the  curve  (as  a  6,  c  d,  etc.) 
with  the  centre  line  from  its  intersection 
with  the  parabola,  are  equal,  and  if  the 
centre  of  a  governor  ball  moves  in  a 
parabola,  such  a  governor  would  be  in 
equilibrium  at  all  jX)sitions  for  the  same 
number  of  revolutions,  but  would  imme- 
diately go  up  or  down  at  a  change  of 
speed.  If  now  the  changed  position  of 
the  governor  does  not  immediately  pro- 
duce a  return  to  the  normal  speed  (which 
is  not  always  possible)  the  governor  will 

fly  to  its  extreme  position,  the  throttle  or  cut  off  will  be  changed  too 

far,  and  an  opposite  change  of  speed  will  send  the  governor  to  its  other 

extreme,  and  thus  the  speed  of  the  engine  will  continually  change 

tibove  and  below  its  normal  speed. 

Fig.  8. 
^ n 


Fig.  9. 


Fig.  8  illustrates  graphically  the  action  of  the  common  governor : 
Line  A  B  represents  the  normal  speed,  CD  the  increased  speed,  which, 
at  a  decrease  of  load,  is  necessary  to  keep  the  governor  in  a  higher 
position,  and  this  speed  continues  until  an  increase  of  load,  requiring 
ii  lower  j)osition  of  governor  (to  effect  corresponding  change  in  throt- 
tle or  cut  off)  makes  a  speed  below  the  normal  imperative,  as  shown 
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Fig.  10. 


jit  F  Ey  and  this  speed  again  continues  until  another  change  of  load 
requires  a  different  speed  and  position  of  governor,  or  until  a  return 
to  the  normal  load  again  establishes  the  normal  speed  and  position. 

The  action  of  an  isochronous  governor,  as  described  above,  may  be 
graphically  illustrated  by  Fig.  9 ;  where  A  B  \&  the  normal  speed  and 
C  D  the  continual  change  of  speed  above  and  below  A  B,  produced 
by  the  instability  of  the  governor.  To  remedy  this  defect,  some  kind 
of  resistance,  which  could  not  be  overcome  too  quickly,  would  have  to 
be  opposed  to  the  action  of  the  governor,  but  at  the  cost  of  sensitive- 
ness ;  an  air  cushion  (which  should  be  double  acting)  would  be  least 
objectionable,  as  a  spring,  owing  to  its  resistance  increasing  with  its 
<N  impression  (and  rie^  versa),  would  destroy  the  isochronous  property 
of  the  governor. 

By  a  ver}^  slight  modification 
the  Watt  governor  may  be  made 
sufficiently  isochronous  for  most 
})ractical  purposes. 

If  the  arms  are  susi)ended  on 
the  opposite  side  of  the  centre 
line  (Fig.  10),  an  approximation 
to  the  parabolic  governor  is  ob- 
tiiined,  A  being  the  centre  of  a 
circular  arc,  which,  for  a  move- 
ment through  a  few  degrees,  will 
nearly  coincide  with  a  parabolic 
curve,  and  therefore  such  a  gover- 
nor will  be  nearly  isochronous. 

To  show  the  percentage  of  de- 
viation, the  following  example  is 
ii  comparison  of  the  ordinary  Watt 
(Fig.  4)  with  the  last-named  governor : 

Taking  the  arms  AD  =  a  =  20"  long,  BC=AC=b  =  10",  the 
normal  angle  ex  =  30°,  the  extreme  angles  a ^  =  20°  and  oc^  =  37°, 
the  lift  of  the  sleeve  will  be,  for  all  three  systems  of  suspension,  = 
2  b  (cos.  oc  J  —  cas.  ag)  consequently  each  will  do  the  same  work. 

h  will  l)e  for  Watt's  governor  =  a  cos.  ex. 
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for  30°  =  17':V2  inehe<. 
"  20°  =  18-79      " 
"  ;]7°  =  15-97      " 
for  improved  governor  :  (taking  E  A  =  B  F  =  e  =  2") 
h  =  a  COS.  oc  —  e  cotg.  x, 
for  30°  =  13,856  inches. 
"  20°  =  13-3  " 

"  37°  =  13.316      '' 

According   to   Formula    (4),  /t^  would  then  l)e,  (if ~-)  for  the 

\      W    3/ 

ordinary-  governor — 

for  30°  =  52     rev.  per  min. 

"  20°  =  49-9 

"  37°  =  54-2 

thus  showing  a  deviation  below  the  normal  s}>eed  of    - = 

52 

2*2  X  100 

4  per  cent.,  and  above  of    =   4*2  i)er  cent.,  a  total  of  8*2 

52 

per  cent. 

For  the  im[)rovcHl  governor  /^  would  be 

for  30°  =  58*2  rev.  per  min. 

"  20°  =  59-4  " 

'^  37°  =  59-4 

,     .  ,.        ..  1-2  X  100       ,. 
a  deviation  ot  =  2  per  cent. 

58-2  ^ 

A  governor  with  arm-;  jointed  outside  of  centre  line  (Fig.  2)  would 
have  h  =  a  c(>*.  oc  +  ^  Qoi^,  oc  : 

for  30°  =  20-784  inches. 
"  20°  =  24-28         " 
"  37°  =  18-624       '' 
and  n^  would  l)e : 

for  30°  =  47*5  rev.  ])er  min. 
"  20°  =  44  " 

"  37°  =  50-2 

1     .  ^.        ..3-5x100        ^o-             ^ui            1  2-7x100 
a  deviation  ot  =  i  '6o  per  cent  below,  and  =    (> 

47-5  ^  '  47-5 

per  cent,  above  the  normal  si)eed,  a  total  of  13-35  per  cent. 
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The  last-melitioned  constrnction  is  thus  .shown  to  be  mo«t  defieieHt 
ill  isochronism,  and  many  attempts  have  been  made  to  oorrec»t  this 
fault.  One  of  the  latest  is  the  Gardner  governor  (Figs.  11  and  12), 
where  a  toe  on  the  end  of  the  siLSpension  arm  presses  transversely 
against  a  toggle  joint  combination,  which  is  connected  to  a  weight  or 
spring  pressing  upwards,  thus  tending  to  compress  the  toggle  joint 
vertically,  forcing  it  outward  against  the  toes  of  the  governor  arms. 


Fig.  11. 


When  the  governor  arms  are  down,  the  toggle  joint  being  more 
compressed  vertically,  exerts  greater  pressure  horizontally  against  the 
governor  arms ;  to  counteract  this  the  centrifugal  for<'e  must  be  increased 
by  a  few  revolutions,  bringing  the  speed  nejirer  to  the  normal,  and 
exactly  the  opposite  action  occurs,  when  the  governor  arms  move  aliov(* 
their  normal  position. 

A  recent  test  of  this  governor  at  the  Franklin  Institute  gave  a 
deviation  of  from  6  to  14  per  cent,  from  the  mean  sj)ee<.l,  hence  its 
is(K*hronism  is  very  far  from  being  |3erfect. 

Si^nens'  differential  or  chronometric  governor  consists  of  a  conical 
pendulum  with  heavy  l)alls,  driven  by  a  train  of  bevel  wheels,  as 
shown  in  Fig.  13.  The  shaft  (i  receives  its  motion  from  the  engine, 
and  has  keyed  on  its  end  a  bevel  wheel,  6,  which  gears  into  another 
similar  wheel,  c,  that  can  vibrate  around  the  vertical  axis  .1  i>*,  but  is 
held  in  position  by  the  weight  //,  acting  through  lever  /*  and  hkI  e. 
The  wheel  e  gears  into  the  wheel  d,  which  is  fixed  on  the  shaft  of  the 
pendulum,  and  thereby  the  latter  is  put  into  motion. 

The  weight  (/ is  adjasted  to  balance  exactly  the  tangential  force  of 
weight  «,  necessary  to  drive  the  })endulum  at  the  normal  speeil ;  if  now 
Whole  No.  Vol.  CVII.— (Third  Series,  Vol.  Ixxvii.)  7 


Digitized  by 


Google 


90 


Haug —  Govemoi^s, 


[Jour.  Frank.  Inst, 


tlie  engine  (and  with  it  shaft  a)  changes  it  speed,  the  pendulum,  on 
ati*x>unt  of  its  inertia,  will  still  continue  its  uniform  speed,  which 
ctuises  the  wheel  c  to  swing  aroimd  the  axis  A  JS,  and  the  lever/  being 
fixed  on  a  shaft  connected  with  the  throttle  or  cut  off,  these  will  be 
changed  correspondingly. 

Fig.  13. 


As  the  jK)wer  necessary  to  drive  the  pendulum  at  a  certain  speed 
may  be  considered  imiform,  the  wheel  c  will  only  be  at  rest  as 
long  as  this  speed  is  maintained,  but  (within  a  certain  limited  travel 
of  lever/)  it  maybe  in  different  positions;  and  as  thereby  different 
pi)sitions  of  throttle  or  cut  off,  corresponding  to  the  load  to  be 
overcome  by  the  engine,  can  be  attained  without  a  permanent  change 
of  speed,  the  governor  may  be  called  perfectly  isochronous. 

As  in  some  cases  the  shifting  of  throttle  or  cut  off  gear  may  require 
more  force  than  a  change  in  speed  of  the  pendulum,  the  latter  has  an 
ingenious  arrangement,  by  which  a  slight  rise  or  fall  of  the  pendulum 
balls  will  increase  that  force. 

The  ordinary  Watt  governor  may  act  indirectly  upon  the  throttle  or 
cut  off,  as  shown  in  Fig.  14.  The  sleeve  a  of  the  governor  is  con- 
nected by    lever  J   to  a  clutch,  c,  which,  being  between  two  bevel 
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wheels,  d  and  e,  running  in  oppo-  Fig  14. 

site  directions,  is   put   into   gear 

with  either  by  a  rise  or  fall  of  the 

governor  balls.   This  clutch  slides 

upon    a   feather  in    the   screw  /, 

which,  bv  means  of  nut  /;,  lever  h 

and  rod  /,  can  move  the  throttle 

or  cut  off. 

Here  the  governor  acts  with 
perfect  iscx?hronism,  as  it  is  evident 
that  at  any  change  of  speed  the 
clutch  will  remain  in  gear  until 
the  normal  position  and  numl)er 
of  revolutions  is  regained. 

As  the  force  moving  the  throt- 
tle is  derived  from  the  engine  direct,  the  governor  is  extremely  s^isi- 
tive,  but  this  advantage  is  sometimes  more  than  counterbalanced  by 
the  time  required  to  effect  any  c*onsiderable  change  in  the  throttle  or 
-cut  off,  and  for  this  reason,  and  on  account  of  the  additional  com- 
plication, this  system  is  but  little  used. 

Buss's  "  Cosine  Governor ''  derives  its  name  from  the  fact  that  its 
moment  of  centrifugal  force  is  proportional  to  the  cosine  of  the  angle 
of  deviation  y  for  an  entire  revolution  round  its  point  of  suspension  c. 
When  (connected  to  a  central  weight,  TF,  in  such  a  way  that  the  moment 
of  this  weight,  acfting  against  an  arm,  b  e,  of  the  pendulum,  is  also 
proportional  to  the  cosine  of  the  angle  of  deviation,  a  perfect  isochro- 
nous governor  is  obtained,  having  the  greatest  possible  range  of  motion, 
-consequently  possessing  great  power  jmd  8ensitivenes,<n.  Fig.  15  shows 
that  eac^h  arm  of  the  pendulum  has  two  balls,  fixed  at  90°  to  each 
other,  which  are  suspended  from  a  i)oint,  c,  situated  in  the  central 
weight ;  the  arms  c  6  bear  agaiast  a  fixed  shoulder  on  the  spindle,  and 
the  centrifugal  force  of  the  balls  has  to  balance  both  the  central  weight 
W  and  the  ^^eight  of  the  balls,  hence  all  parts  are  utilized  to  increase 
the  jHjwer  and  sensitiveness.  By  a  small  change  of  the  angle  s  c  6,  a 
nearly  uniform  degree  of  stability  with  only  a  limited  deviation  from 
isochronism  can  be  obtained,  thus  obviating  the  most  serious  defect  of 
isochronous  governors — their  instability. 

The  theory  of  this  governor,  as  given  by  the  inventor,  is  as  follows : 
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If  §  =  total  weight  of  a  system  of  bodies  suspended  at  c, 
n  :^=  number  of  revs,  per  second ;  then 
a)  =  angular  velocity  =  2  ;r  n. 

r   :=  distance  of  point  of  suspension  from  axis  of  revolution^ 
q  =  weight  of  some  ^mrt  of  Q, 
X  and  y  co-ordinates  of  q  with  regard  to  c, 


W    Ql 


The  centrifugal  force  of  q  will  be 

0  =  _   q  (>.  -p  y) 

and  its  moment  //i^.  =  x  —  <l{^"-ry)  ^uid  the  ccntrifugjil  moment  oi  i^m^ 
9 

entire  system  Jl^=Xi2q  —  [r-\yy)=l  q 1\ r^r -  7  —  .<'i  Vi         (•>) 

9  9  9 

If  .rj  and  y^  are  the  co-ordinates  of  the  centre  of  gravity  of  the 

entire  system,  x^  =  I^L—  and  y.  =  -.11.  !,  e,  the  distance  of  the  crom- 
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iiiun  centre  of  graviU'  of  a  s}'Ktem  of  bodies  from  any  point  is  eciiial 
to  the  sum  of  the  moments  of  the  parts  with  regard  to  this  same  point, 
divided  by  the  sum  of  their  weights. 
If  /  is  the  distance*  c  .s,  x^  =  /  eos.  y  and 

3/,  =  ^%.r^/c.os.r  +  -2'7.r,y,  (7) 

9  if 

If  the  weight  of  the  revolving  body  is  divided  into  such  parts  that 

their  moments,  (i  x  ij  and  q  ,i\  y^  are  eipial,  but  opposite,  1  q  —    a\  j/^ 

.9 
{Formula  7)  will  be  =  O,  and  this  will  always  be  the  case  where  the 
parts  are  at  90°  and  their  moment'^,  with  regard  to  their  common  cen- 
tre of  gravity,  ^,  are  equal,  of  which  some  examples  are  given  in 
Fig.  K). 

Fig.  16. 


In  each  of  these  cases  (taking  ,/'  =  v  a)  :  q  .v  y  -|-  q^  a?i  {—y^  = 
Hf  ii^,  (45 +r)  ^'^in.  (45+;-)  -!    qf  cos.  (A^—r)  (— ^in.  45— r)  =  0, 


10' 


(«) 


hence  ^f^.  =  —  r  q  I  cos.  ;-. 

9 
i.  f'.,  pro]K)rtional  to  the  cosine  of  the  angle  y. 

In  applying  the  central  load,  W,  the  weight  of  the  balls,  having  the 
moment  =  Q  I  sin.  oc,  must  be  taken  into  account,  and  the  angle  cs  b 
=  fi  will  have  to  Ix^  so  arranged  that 

Q—rl  COS.  r  =  ( WM  Q)  h  sin.  (^— r)  +  Q  I  sin.  7-, 
9 
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to  make  the  governor  perfectly  isochronoui^,  and  this  is  obtained  by 
making 


COS.  ^ 


_      Ql 


From  Formula  (2)  it  is  apparent  that  theoretically  the  weight  of  tJie 
balls  has  no  influence  on  the  position  or  number  of  revolutions  of  a 
pendulum,  as  the  centrifugal  force  increases  in  the  same  ratio  with  an 
increase  of  weight,  but  in  its  practical  application  this  point  is  of  some 
importance ;  tp  overcome  the  resistance  of  the  gear  there  must  be  a  (icr- 


%AG 


%hC 


tain  increase  or  decrease  of  the  centrifugal  force  before  the  governor 

can  act. 

If  n  =  normal  number  of  revolutions, 
n^  =  lowest  and 
tig  =  highest  number  of  revolutions  permitted, 

then  S  =  -.?ZU  =  total  deviation. 
n 

For  n  the  centrifugal  force  is : 


.2W. 


and  for  «, 


C=(2jrnf  _»■ 
9 


S2    W. 


9 
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and  the  difference : 

or,  approximately : 

9 
its  leverage  being  =  A  =  —^—^y 

its  moment  is : 

JCh  =  8i^^I^J^ff=:8Wv.  (9) 

47T^n^g 

If  Q  =  resistance  of  gear  referred  to  sleeve  B, 
this  action  of  Q  will  produce  a  force  =  — ^ —  in  the  direction  oi*  BC, 

COS.  QC 

which,  with  regard  to  A,  will  act  with  a  leverage  A  F=  b  sin.  2  x, 
hence  its  moment  =  ^- '- .  (10) 

COS.  oc 

Putting  Q  -  ^^"'  ^  ^   =  d  Wr,  the  weight  of  balls  Is  found : 

COS.  QC 

jTT Q  b  sin.  2  a 

d  r  COS.  30 

1  •  1      sin.  2  ex  o   ur        Q  2  b 

and  as  r  =  a  sm.  oc,  and =2,  fV  =  -^ 

COS.  QC  sin.  oc  o  a 

or  each  ball:  E  =.  ^  (11) 

2         8a  ^ 

showing  that,  for  any  considerable  resistance,  very  heavy  balls  or  an 
extensive  deviation  of  speed  from  the  normal,  would  be  needed,  to 
effect  a  change  in  the  throttle  or  cut  off  gear. 

A  governor,  loaded  with  a  central  weight  (Fig.  F.),  has  an  advan- 
tage in  this  respect,  as  its  greater  angular  velocit\^  (necessary  to  balance 
the  central  weight)  will  give  a  greater  differential  moment  of  centri- 
fugal force  for  a  certain  change  of  speed  than  the  ordinary  construction. 

Here  h  =   -J!- —  (l+  ^^\  [see  Formula  (4)],  making  the  <liffer- 
4r^n^  \        W  a/ 

ential  moment  of  centrifugal  force :  J  Ch  =  8 — - — ^  ( 1  +  -— —  I 

^  ^n'n^g     \        WaJ 
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=  5  F  «  sin.  «   (h- -Ji)  (12) 

ami  ])Httiiig  this  equal  to  the  moment  of  ressistance  of  gear: 

Q  b  sin.  2  a      •n    • 
^=  ^  will  give 


W 


COS.  a 
_§26 


\        W  a) 


(l.-J) 


Tims  if ==  1,  tlie  Mciglit  of  balls  will  only  be  one-half  of  that 

W  a 

«c'tHle<l  for  the  ordinary  governor,  to  overcome  the  same  resistance,  or 

balL^  of  the  siime  weight  wonlcl  already  act  at  one-half  the  deviation  of 

s|H^^l  from  the  normal,  thns  donbling  the  sensitiveness  of  the  governor. 

In  conclusion  it  might  be  well  to  point  out  that  a  sensitive  governor 
is  not  the  only  thing  necessary  to  ensure  uniformity  of  motion. 

Not  only  the  load  may  1k»  variable,  but  the  pressure  at  different  jiarts 
of  a  revolution  also  varies,  especially  in  engines  working  expansively, 
and  when  the  steam  is  cut  off,  the  influence  of  the  governor  is  cut  off 
also,  hence  the  fly-wheel  ought  to  lx»  heavy  enough  to  store  u])  any 
excess  of  work  developcnl  during  that  time,  without  greatly  increasing 
the  speed,  otherwise  the  governor,  especially  if  it  is  very  sensitive,  will 
always  be  flying  up  and  down,  thus  defeating  its  very  object. 


Systematic  Errors. — Otto  Struve  states  that  his  measurements, 
es|)tH'ially  those  of  direction,  are  subject  to  very  large  systematic  errors, 
<lepending  u])on  the  angle  between  the  direction  of  the  two  stars  and 
the  vertical  circle  at  the  moment  of  observation.  By  m«ms  of  mejts- 
urements  taken  upon  artifi(^ial  stars,  he  has  determined  the  corrections 
with  great  exactness  and  has  proved  that  the  same  laws  of  error  have 
existi'd  in  his  case  for  the  last  .35  years.  He  supposes  that  they  have 
a  physiological  origin  depending  upon  the  construction  of  the  observer's 
Q\k^<.  He  thinks  it  desirable  that  every  astnmomer  who  is  employ tnl 
upon  similar  measurements  should  make  special  ex|KTiments  so  that 
the  results  of  different  observers  can  be  more  satisfactorily  compared. — 
(  hmptes  liendllH,  0. 
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WATER-TUBE  AND  FIRE-TUBE  BOILERS. 
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A  I  Ai'connl  of  the  ExpennientH  iiutde  by  Chief  Engineers  Lorinf/  and  Bnhei'y  V.  S.  Aar*/, 
t/ti  a  Horizontal  Fire- Tube  and  a  Vertical  Wate r- Tube  Boiler ,  at  the  Waahimjton  Navy 
Yard,  to  ascertain  their  relative  Economic  Vaporimtiom  ivith  different  kimh  of  Cml. 

By  Chief  Engineer  Isherw(X)D,  U.  S.  Na\y. 

(Continued  from  vol.  Ivii,  page  24.) 


Fig.  3. 


The  Hokizon'tai.  Fire-Tlbb  Boiler. 

The  shell  of  the  horizontal  fire-tube  boiler  is  a  cylinder  with  flat 
<'Ui\<  at  right  angles  to  its  axis.  The  front  end  is  also  the  front  tube- 
plate.  This  evUnder  is  ten  feet  hi  diameter  and  nine  feet  in  length, 
<*xternally.  Tlie  uptake,  which  is  of  sheet  iron  bolted  to  the  front  end 
of  the  cylinder,  j)roje(»ts  beyond  this  length.  The  plates  of  the  shell 
-irc  l^ths  of  an  inch  thick,  and  double  riveted.  The  flat  ends  of  tlie 
--^lull  above  the  tul)e-lK)xes  are 
stayed  directly  acr(>*s  with  iron 
rcnls  1|  inches  in  diameter  and 
10  inches  between  axes,  attached 
to  double  angle  iron  riveted  ver- 
tically to  the  ends.  All  other 
flat  surfaws  are  stayed  with 
ii<K!ket-bolts  1^  inch  in  diameter 
.and  6  inches  Iwtween  centres. 

There  ai'e  two  furnaces  con- 
tained in  horizontal  (y'lindei*s  of 
->  i'i^'t  internal  diameter  and  7 
fetrt  extreme  length.  The  axes 
of  these  cylinders  are  in  the  simie 
horizontal  })lane  and  42  inches  a])art.  Tlie  cylinders  are  com- 
jxKscd  of  iron  plates  J  inch  thick,  butted,  and  double-riveted  to 
inner  welts  below  the  grate  bars ;  they  are  single  riveted  to  tlie 
boiler-shell  and  arc  in  three  lengths,  flanged  where  the  lengths  meet, 
3ind  single-riveted  thereby  through  a  ring  placed  between  them.  The 
gmtes  within  these  cylindeiN  are  6  feet  in  extreme  length,  composed  of 
i^nyt  iron  bars  in  two  lengths  of  8  feet  each.  The  bridge-wall  is  of  cast 
iron  faced  with  fire-brick  and  is  (]  inches  high  above  the  level  of  the 
gnites.  The  top  of  the  grates  is  18  inches  below  the  crown  of  the 
furnace,  at  the  front,  and  21  inches  below  it  at  the  back. 
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Each  furnace  has  a  separate  back  connection  18  inclies  long,  length- 
wise the  boiler,  with  its  top  rounded  on  a  quadrantal  arc  of  14  inches 
radius.  Its  back  is  flat  and  separated  from  the  back  end  of  the  boiler- 
shell  by  a  flat  water-space  six  inches  wide,  including  thicknesses  of  metal. 
The  bottom  of  the  connection  is  a  horizontal  extension  of  the  bottom 
of  the  cylinder  containing  the  furnace  and  the  sides  are  flat.  The  inner 
side  is  vertical  and  rises  from  the  horizontal  diameter  of  the  furnace. 
The  outer  side,  at  top,  is  vertical  for  the  depth  occupied  by  the  tulx?s^ 
and  thence  slopes  inwards  on  a  tangent  to  the  cylinder  containing  the 
furnace.  The  cast  iron  bridge-wall  of  the  furnace  is  extended  clear 
m^ross  the  connection  so  as  to  occupy  the  whole  of  the  lower  portion. 

From  each  back  connection  to  the  uptake  proceed  86  horizontal  fire- 
tubes  of  seamless  brass,  ^th  of  an  inch  thick ;  70  of  them  are  expanded 
on  one  side  and  riveted  over  the  other  side  of  their  tube-plates,  and  the 
remaining  16  act  as  stays,  having  nuts  upon  their  outer  ends,  ^he 
boiler  thas  contains  172  tubes,  of  three  inches  outside  diameter,  and  6- 
feet  lOf  inches  length  between  the  tube  plates,  which  are  of  ^ths  inch 
thick  iron.  These  txibes  are  arranged  in  twenty-four  rows  horizontally 
and  eight  rows  vertically,  but  the  number  in  all  the  rows  is  not 
e([ual.  The  top  row  contains  twent\'-two  tubes,  the  bottom  row  contains^ 
eight  tubes,  the  row  next  to  the  bot- 
tom, twenty-two  tubes,  and  each  of  the 
other  rows  twenty-four.  The  two 
groups  of  tubes  are  separated  by  a 
water  space  11  inches  wide  in  the 
clear.  The  distance  between  the 
axas  of  the  tubes  of  each  group  is, 
vertically,  4  inches,  and,  horizon- 
tally, 4^  inches. 

All  the  tubes  discharge  into  one 
uptake,  which  at  the  top  delivers 
the  gases  of  combustion  into  a  hori- 
zontal sheet  iron  flue  connecting  the 
uptake  of  the  horizontal  fire-tube 
boiler  with  that  of  the  vertical  water- 
tube  boiler,  and  from  the  centre  of  this  flue,  the  chimney,  common  to 
both  boilers,  rises.     The  uptake  has  the  usual  doors  for  access  to  the 
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tubes  for  sweeping,  etc.,  and  the  furnace  doors  were  thoroughly  perfor- 
ated for  the  admission  of  air  above  the  incandescent  fuel  on  the  grates.. 
The  following  are  the  principal  dimensions  and  proportions  of  the 
horizontal  fire-tube  boiler : 

Diameter  of  the  shell,     ....  .     10  ft. 

Length  of  the  shell,  exclusive  of  the  uptake,  .  9  ft. 

Number  of  furnaces,       .  .  .  .  .2. 

Breadth  of  furnaces,  .  .  .  .  3  ft. 

Length  of  grates,  .  .  .  .  .       6  ft. 

Total  area  of  grate  surface,  .  .  .  36  sq.  ft.. 

Total  number  of  tubes,  .  .  .  .172 

External  diameter  of  tubes, '  .  .  .  3  in. 

Internal  diameter  of  tubes,  .  ,  .  .       2J  in. 

Length  of  tubes  in  cllar  of  tube-plates,         .  .  82f  in. 

Total  cross  area  for  draught  above  the  bridge-walls,         .       5*55sq.tK 
Total  cross  area  for  draught  through  the  tubes,  .  7*24 sq.ft. 

Cross  area  of  the  chimney,  .  .  .  .     12'57sq.fK 

Diameter  of  the  chimney,     .  .  .  .  4  ft. 

Height  of  the  chimney  above  the  level  of  grate-bars,         .     60  ft. 
Heating  surface  in  the  two  furnaces,  .  .  64  sq.  ft. 

Heating  surface  in  the  172  tubes,  measured  on  their  inner 

circumference,  .....  861*24sf[.ft.. 

Heating  surface  in  the  two  back  connexions,  .  76*5  sq.  ft. 

Heating  surface  in  the  one  uptake,  .  .  .     17*26 sq.ft.. 

Total  water  heating  surface  in  the  boiler,       .  .        1019  sq.  ft. 

Square  feet  of  water  heating  surface  per  square  foot  of 

grate  surface,  .  .  .  .  .     28*30 

Scjuare  feet  of  grate  surface  per  square  foot  of  cross  area 

above  bridge-walls,        ....  6*49 

Square  feet  of.  grate  surface  per  square  foot  of  cross  area 

through  the  tubes,  .....       4*97 
Square  feet  of  grate  surface  per  square  foot  of  cross  area 

of  chimney,       .  .  .  .  .  2*87 

Water  room  to  6  inches  above  tubes,        .  .  .  325  cubic  ft.. 

Steam  room  from  6  inches  above  tubes,  .  .  161  cubic  ft.. 

Greatest  height  of  steam  room,   ....       2*35  ft. 
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MANNER  OF   MAKING   THE   EXPERIMENTS. 

With  the  preeedingly  described  boilers  six  exi^eriments  were  made,  of 
thirty  consecutive  hours  duration  each,  and  in  precisely  the  same  man- 
ner. Of  these  exi>eriments,  two  were  made  with  the  horizontal  fire- 
tulK»  boiler,  one  being  made  \vith  Pennsylvania  anthracite,  and  tlie 
otlier  with  semi-bituminous  coal  from  the  Cumberland  mines  of  Mar>^- 
land.  The  remaining  four  experiments  were  made  with  the  vertical 
water-tube  boiler  and,  of  these,  two  .were  made  with  Pennsylvania 
anthracite  and  w^ere  nearly  repetitional ;  one  was  made  with  semi-bitu- 
minous coal  from  the  Cumberland  mines,  and  the  last  was  made  with  a 
bituminous  cjiking  coal  of  unknown  locality. 

The  anthracite  was  of  better  quality  than  the  average,  and  the  semi- 
bituminous  coal  was  of  poorer  quality  than  the  average,  in  this  respect^ — 
tliat  the  former  had  a  less,  and  the  latter  had  a  greater  percentage  of 
refuse  than  the  average.  The  average  proportion  of  refuse  in  fair 
merchantable  anthracite  is  one-sixth,  and  in  fair  merchantable  semi- 
bituminous  c(ml,  one-eighth.  Of  course,  the  quality  of  the  gasifiable 
portion  of  these  coals  is  not  affected  by  their  percentage  of  refuse. 

The  vaporization  took  place  under  the  atmospheric  pressure,  increased 
slightly  by  the  resistance  opposed  by  the  escape  pipe  to  the  effluent 
,steam. 

Although  the  boilers  stood  side  by  side  in  the  boiler  house,  and 
■delivered  their  gjise^  of  combustion  into  the  same  chimney,  they  were 
not  experimented  with  simultaneously.  The  exi>eriments  with  the 
horizontal  fire-tube  boilers  were  made  first,  and  those  with  the  vertical 
W'ater-tube  boiler  last,  a  partition  of  brick  masonr}'  being  temj)orarily 
]>laced  in  the  horizontal  flue  connecting  the  uptakes  of  the  boilers,  just 
beyond  the  chimney,  in  each  case.  Of  course,  by  this  arrangement 
the  entire  chimney,  which  was  of  sufficient  cross  area  for  both  boilers, 
was  used  with  each.  This,  and  the  fact  that  the  experiments  were 
made  at  different  times  under  different  atmospheric  conditions,  prevented 
the  pos*<ibility  of  ascertaining  the  maximum  rates  of  combustion  fof 
the  two  boilers.  In  the  experiments  aiS  actually  made,  there  were  no 
sittempt*^  to  force  the  fires,  which  were  allowed  to  burn  without  further 
iittention  than  what  was  required  to  keep  them  level,  clean,  free  of  holes 
.jind  about  ten  inches  thick. 

The  experiments  were  made  during  the  months  of  March  and  Ai)ril, 
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1873,  and  the  boilers  were  thoroughly  protected  by  a  iion-comliK'tintj; 
covering  of  asbestos. 

In  commencing  an  experiment,  the  fires,  of  10  inches  thicknes^s,. 
were  brought  to  steady  action  with  the  steam  freely  blowing  off  through 
the  escape  pipe,  and  with  the  water  in  the  boiler  at  about  6  inches 
above  the  top  of  the  tubes.  The  fires  were  then  carefully  leveled,  the 
height  of  water  in  the  boiler  exactly  adjusted,  the  thic^kness  of  the  firers^ 
noted  and  the  experiment  held  to  commence.  Up  to  this  time  n(^ 
account  was  taken  of  the  coal  and  water  ;  but,  from  this  time  to  the 
expiration  of  the  thirty  hours,  all  the  coal  thrown  into  the  furnacc^s 
was  accurately  weighed,  and  all  the  feed-water  admitted  to  the  boiler 
was  accurately  measured  in  a  tank,  and  the  quantities  noted  hourly. 
At  the  end  of  the  experiment  the  fires  were  thoroughly  cleaned  and 
made  of  the  same  thickness  as  at  the  commencement,  with  the  watt^r 
level  at  precisely  the  same  mark. 

All  the  coal  and  all  the  refuse  from  it  were  weigheil  on  the  sjun^- 
guiles  in  the  same  iron  tub,  counterbalanced  to  prevent  error.  The 
same  firemen  were  employed  throughout. 

During  the  experiments,  regular  watches  were  kept  by  Assistant 
Engineers  of  the  Navy,  who  entered  in  the  columns  of  a  tabular  lo;;- 
ail  the  necessary  observations  from  hour  to  hour. 

The  data  and  results  of  the  exi^eriments  will  be  found  in  the  follow- 
ing table,  in  which  the  headings  of  the  columns  and  the  descriptions 
of  the  quantities  on  the  lines  are  so  full  that  no  further  explanation  is 
nee<led.  The  observed  data  are  from  the  original  notas  of  Chief 
Engineer  Baker,  but  the  computations  were  made  by  the  writer. 

hbsults. 

In  order*  that  the  results  of  the  experiments  should  be  strictly  com- 
parable, as  regards  the  economic  vaporization  of  water,  they  should 
have  been  made  with  equal  quantities  of  water  vaporized  in  ecjual 
time,  which  implies  equal  quantities  of  the  heat  prcxluced  by  the  fuel, 
aVxsorbed  by  the  water  in  equal  time.  This  condition,  however,  docs 
not  obtain  in  the  experiments  as  perfectly  as  could  be  desired,  but  tin- 
dejiartures  from  it  were  not  sufficiently  wide  to  materially  affect  thc^ 
comparisons,  owing  to  the  facts  that  the  rate  of  combustion  at  the 
maximum  was  moderate,  and  that  the  heat-absorbing  surface  was  gr(»at 
in  proportion  to  the  quantity  of  heat  thrown  upon  it  j)er  hour. 
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In  the  case  of  the  two  experiment8  D  and  E,  made  on  anthracite 
with  the  vertical  water-tube  boiler,  116,667-233  and  129,955*288  pounds 
i)i'  water  were  vaporized  during  the  experiments  from  the  temperature 
of  212  degrees  Fahrenheit,  on  the  supposition  that  the  water  wa^ 
supplied  at  that  temperature,  and  the  economic  results  were  respectively 
13*0764  and  13*0477  pounds  of  water  vaporized  from  the  temperature 
of  212  degrees  Fahrenheit  by  one  pound  of  the  combustible  portion 
•of  the  anthracite.  The  difference  in  the  potential  vaporization  appears 
here  not  to  have  influenced  the  economic  vaporization.  It  is  undoubted, 
however,  that  to  some  extent — more  or  less,  according  to  circumstances, 
— increased  potential  vaporization  is  accompanied  by  decreased  economic 
vaporization ;  but,  when  the  maximum  potential  vaporization  is  not 
^reat,  and  the  heat-absorbing  surface  is  great  in  proportion  to  the 
(|4iantity  of  heat  absorbed  in  a  given  time,  the  effect  of  any  difference 
in  the  ^wtential  vaporization  on  the  economic  vaporization  becomes 
sufficiently  small  to  be  neglected  from  a  practical  point  of  view. 

For  the  comparison  of  the  economic  vaporizations  by  the  horizontal 
fire-tube  and  the  vertical  water-tube  boilers,  when  burning  anOircwiie^ 
we  have  experiments  A  and  E,  experiment  D  not  being  included 
Ixcause  of  its  less  potential  vaporization.  In  experiment  A,  m^e 
with  the  horizontal  fire-tube  boiler,  the  economic  vaporization  from  the 
temperature  of  212  degrees  Fahrenheit  was  11*4717  pounds  of  water 
per  pound  of  the  combustible  portion  of  the  anthracite ;  while,  in 
•experiment  E,  made  with  the  vertical  water-tube  boiler,  it  was  13*0477 
pounds  of  water.  Hence,  witk  anthracite^  the  vertical  water-tube- 
boiler,  under  the  experimental  conditions,  vaporized  per  pound  of  fuel 

/13.0477— 11»4717  X  ^^\^iS'74:  per  centum*  more  water  than  the 

V  11*4717  /  ^ 

horizontal  fire-tube  boiler.     This  percentage  would  have  been  less  had 

the  potential  vaporizations  in  the  two  experiments  been  equal. 

For  the  comparison  of  the  economic  vaporizations  by  the  horizontal 
fire-tube  and  the  vertical  water-tube  boilers,  when  buiming  semi-bUuvmi- 
ouj<  coaly  we  have  experiments  B  and  C,  in  which  the  potential  vapor- 
izations were  nearly  equal.  In  experiment  B,  made  with  the  horizon- 
tal fire-tube  boiler,  the  economic  vaporization  from  the  temperature  of 
212  degrees  Fahrenheit  was  11*5670  pounds  of  water  per  pound  of 
the  eombivstible  portion  of  the  semi-bituminous  coal,  while,  in  exi)er- 
inient  C,  made  with  the  vertical  water-tube  boiler,  it  was  13*8477 
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pounds  of  water.     Hence,  with  semi-bituminous  coaly  the  vertical  water- 
tube  boiler,  under  the  experimental  conditions,  vaporized  per  pound  of 

n  'i/13-8477— 11-5670 X100\     .q.^  *  ^      ^u 

fuel! . )=19v2  per  centum  more  water  than 

V  11-5670  /  ^ 

the  horizontal  fire-tube  boiler. 

It  will  be  remembered  that  with  equal  weights  of  the  combustible 
portion  of  anthracite,  the  vertical  water-tube  boiler  was  economically 
somewhat  less  than  13-74  per  centum  superior  to  the  horizontal  fire- 
tube  boiler,  and  we  now  see  this  superiority  increased  to  19-72  per 
centum  for  equal  weights  of  the  combustible  portion  of  send-bituminous 
coal.  To  what  should  this  increase  be  attributed  ?  The  distillation 
of  semi-bituminous  coal  in  the  furnace,  previous  to  the  incandesence 
of  its  fixed  carbon,  produces  a  very  much  larger  quantity  of  combas- 
tible  gases  than  the  similar  distillation  of  anthracite.  The  fixed  carbon 
of  both  coals  is  consumed  on  the  grate  in  the  solid  form,  but  the 
•combustion  of  the*  gases  takes  place  after  their  distillation,  in  the 
furnace  above  the  fixed  carbon,  and  in  the  tubes  also,  if  heat  and  oxygen 
enough  be  present,  a/irf  fA^  gase^  be  sufficiently  intermingled  with  the 
latter.  In  the  horizontal  fire-tube  there  is  nothing  to  produce  this 
net^ssarj'  intermingling ;  there  is  no  obstruction,  the  gases  pass  rapidly 
through  it  in  parallel  streaks  unmixed  ;  but,  with  the  vertical  water- 
tnbes,  the  tul)es  themselves  are  mechanical  mixers,  standing,  as  they 
do,  in  and  across  the  current  of  the  gases.  To  their  position,  therefore, 
may  be  attributed  the  marked  difference  in  the  amount  of  their 
economic  gain  when  vaporizing  water  with  semi-bituminous  coal  and 
when  vaporizing  it  with  anthracite — the  one  a  verj-  gas-producing  and 
the  other  almost  a  non-gas-producing  fuel.  The  superiority  of  the 
vertical  water-tubes  may  be  due  not  only  to  their  better  absorption  of 
heat,  but  to  their  contributing  to  it^  development  by  their  mechanical 
mixing  of  the  coal-gases  and  the  atmospheric  oxygen.  If  these 
hypotheses  are  cx)rrect,  the  vertical  water-tube  boiler,  (^mparatively 
with  the  horizontal  fire-tube  boiler,  should  have  a  greater  economic 
suj)eriority  in  the  vaporization  of  water  the  more  gas-producing  the 
cfwd  consumed. 

It  will  l)e  observed  that  the  foregoing  comparisons  between  the  two 
boilers  are  for  substantially  equal  potential  vaporizations  per  hour  or, 
roughly,  for  equal  rates  of  combustion  ;  but  had  each  boiler  been  fired 
to  its  maximum,  about  fifty  per  centum  more  coal  would  have  been 
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(H)n8unied  in  the  same  time  in  the  horizontal  fire-tube  boiler  than  in 
the  vertical  water-tube  boiler,  and  with  about  twenty-five  per  c*entfiiu 
less  economy  per  pound  of  fuel,  produeinj^  about  twenty-five  per  ceutifni 
more  steam  per  hour. 

As  regards  the  relative  economic  efficiency  of  the  combustible  ix>r- 
tion  of  anthracite  and  of  semi-bituminoiLS  coal,  consiutied  in  the  hor- 
izmitcti  fire-tube  boiler y  a  (H>mparison  of  the  economic  vaporizations  j[)er 
pound  of  these  combnstible  i>ortions,  given  in  experiments  A  and  B,. 
shows  that  the  two  fuels  were  about  equal,  the  results  being,  in  exjie-r- 
iment  A,  11-4717  i)ounds  of  water  va})orized  from  the  temperatiu^  of 
212  d^rees  Fahrenheit  by  cme  jK)mid  of  the  wnnbustible  jx^rtiwi  of 
anthracite,  and  11 '0670  iH)umk  of  water  vaporized  from  the  same 
temperature  by  the  ixmnd  of  the  ccmibustible  portion  of  semi-bitumin- 
ous coal. 

If,  however,  the  comparisim  be  made  for  the  pound  of  coal  in  the  tw«^ 
citses,  assuming  the  i^efuse  in  the  anthracite  at  one-sixth  and  in  semi- 
bituminous  (H>al  at  (me -eighth  of  the  grass  weight,  which  are  the 
averages  in  [)ractice,  then  the  economic  vai)orization  of  water  from  the 
tempemture  of  212  degrees  Fahrenheit  i^er  jHmnd  of  coal  becx)m(s 
(11-4717  Xf=)9-5598  pounds  for  the  anthracite  and  (ll-o670X^=) 
10-1213  jxmnds  for  the  semi-bituminous  coal,  or  the  latter  is 

/10a2l;^-9-5598j<l()0\      ■.^,  ,>c.r  .•eutu.n  sui,erior  to  the  fonn..-. 

V  9*oo98  / 

As  reir**rds    the  relative  economic    efficiencv  of   the  combu^tibl*f 

portion  of  anthracite  and  of  semi-bituminous    c*oal,  consanird  in   fh^ 

tH'Hieal  wttter-tube  boiler,  i\  comparison  of  the  economic  vapjrizations 

})er  pound  of  these  combastible  iK>rtions,  given  in  experiments  E  and 

C,  shows  that  the  jKiund  of  the  combustible  [)ortion  of  the  lUithnKMte 

vaporized  in  exjKTiment  E  13*0477  pounds  of  water  from  the  temp<*r- 

ature  of  212  degrees  Fahrenheit,  while  the  i>ound  of  the  c»ombustible 

portion    of    the   semi-bituminous   cotd    vaiK)rized,   in    experiment    i\ 

13-8477   }K)unds  of  water  from  the  same  temperature ;    hencx?,  the 

economic  efficiency  of  a  iM)und  of  the  combustible  porticm  of  seiui- 

,.        .  /        /13-8477— 13-0477  Xl(K)\      ^.-,.. 

bitummous    coal    wa^l — 1=(>*1.5   |)er  centiun 

V  1 3-04  ( 7  / 

greater  than  that  of  a  jKnind  of  the  combustible  portion  of  anthracite. 

If,  however,  the  comparison  be  made  for  the  pound  of  co-al   in  the 

two  cases,  assuming,  as  Ix'fore,  the  refuse    in   anthracite  at  one-sixth 
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and  in  semi-bituininoas  coal  at  one-eighth  of  the  grass  weight,  then 

the  economic    vaporization  of    water  from  the  temperature   of  212 

degrees  Fahrenheit  per  pound  of  coal  becomes  (13'0477Xf=)10'8781 

pounds  for,  the  anthracite  and  (18*8477  X4=)12-1167  pounds  for  the 

•  iv      •                1          ^1      1^.       .    /r2ai67— 10-8731  X100\ 
senii-bitumnious   coal,   or  the  latter    is  I 1  = 

V  10-8731  / 

1 1  -44  ])er  (*entuni  sui)erior  to  the  former. 

To  determine  the  econcmiic  efficiency  of  the  combustible  portion  of 
the  caking  bituminous  coal  relatively  with  that  of  the  combastiblc 
portion  of  anthracite  and  of  semi-bituminous  coal,  the  economic  va[>- 
orization  of  water  from  the  temperature  of  212  degrees  Fahrenheit, 
given  in  experiment  F,  by  the  pound  of  the  combustible  portion  of  the 
caking  bituminoas  coal,  will  be  comjmred  with  that  given  in  experiment 
E  by  the  pound  of  the  combastible  j)ortion  of  anthracite  and  with  that 
given  in  experiment  C  by  the  pound  of  the  combustible  portion  of 
semi-bituminoas  co*dl,  all  three  of  the  experiments  having  l)een  made 
with  the  vertical  water-tube  boiler. 

In  experiment  E,  the  jwund  of  the  combustible  ixirtion  of  the  caking 
bituminous  coal  vaporized  from  the  temperature  of  212  degrees  Fah- 
renheit 11*77(>9  pounds  of  water.  In  experiment  E,  the  }K>und  of  the 
c»ombustible  }x>rtion  of  anthracite  vaj)orized  from  the  same  tem[)eniturc 
13*0477  pounds  of  water.  And,  in  exj)erinient  C,  the  pound  of  the 
combustible  portion  of  semi-bituminous  coal  valorized  from  the  sjinie 
temperature  13-8477  [)()unds  of  Mater.  Hence,  the  ewmomic  va|Kiration 
by  the  i)ound  of  the  combustible  ]M>rt ion  of  (diking  bituminous  coal  was 

/13-0477— 11-7769  X100\     ..  -     '  ^       i       ^i        i     u  i 

I ]=\)'i4  iHT  centum  les<  than   bv  the  p()un<l 

V  13-0477  /    •  *  •  ^ 

of  the  (xmibiL'^tible  portion  of  the  anthracite.     And  the  economic  va[>- 

orizatiim  by  the  [X)undof  the  combustible  portion  of  cjiking  bituminous 

1         /i3-8477— 11-7769  XlOO\     ,  .  ^.  ,        i       *i        i 

coal  was  I l=14*9o  i)er  centum  less  than   bv 

V  13-8477  /  ^ 

the  pound  of  the  (H)mbustible  portion  of  semi-bituminous  coal. 


Radiometer  Pressure. — In  some  recent  exi)eriments,  Crookes 
has  employed  the  torsion  balance  in  order  to  estimate  the  molecular 
pressure  within  the  radiometer.  He  finds  that  it  varies  between  7  ten- 
millionths  and  9  four-millionths  of  an  atmosphere. — Compter  liendti^. 
Whole  No.  Vol.  CVII.— (Third  Series,  Vol.  Ixxvii.)  8 
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CIRCUMSTANCES    INFLUENCING    THE    EFFICIENCY 
OF  DYNAMO-ELECTRIC  MACHINES. 


Bv  Profs.  Edwin  J.  Houston  and  Elihu  Thomson.* 


During  the  recent  competitive  trials  made  at  the  Franklin  Institute 
as  to  the  relative  efficiency  of  some  different  forms  of  Dynamo-Electric 
Machines,  the  authors  having  been  entrusted  with  the  work  of  deter- 
mining the  relations  between  the  mechanical  power  consumed  and  the 
electric  and  thermic  effects  produced,  took  the  opportunity  thus  afford- 
ed to  make  a  careful  study  of  many  interesting  circumstances  which 
influence  the  efficiency  of  these  machines. 

It  is  purposed  in  the  present  paper  to  select  from  the  many  circimi- 
stances  thus  noticed,  a  few  of  the  more  interesting,  reserving  the  others 
for  future  consideration. 

It  will  readily  be  understood  that  from  the  comparatively  new  field 
in  which  we  have  been  working,  no  reliable  data  of  the  electrical 
work  of  these  machines  having  before  been  obtained,  difficulties  con- 
stantly arose  owing  to  necessary  conditions  of  operation,  and  new 
developments  as  to  the  behavior  of  the  machines  under  varied  condi- 
tions, were  constantly  met. 

A  convenient  arrangement  of  the  particular  circumstances  we  are 
about  to  discass  may  be,  1st,  Those  affecting  the  internal  work  of  the 
machine ;  2d,  Those  affecting  the  external  work,  and  3d,  The  relations 
between  the  internal  and  external  work. 

The  mechanical  energy  employed  to  give  motion  to  a  Dynamo- 
Electric  Machine  is  expended  in  two  ways,  viz.,  1st,  In  overcoming 
friction  and  the  resistance  of  the  air ;  and,  2d,  In  moving  the  arma- 
ture of  the  machine  through  the  magnetic  field,  the  latter  of  course 
constituting  solely  the  energy  available  for  producing  electrical  current. 
The  greatest  amount  of  power  expended  in  the  first  way  was  noticed 
to  be  about  17  per  cent,  of  the  total  power  employed.  This  expendi- 
ture was  clearly  traceable  to  the  high  speed  required  by  the  machine. 
The  speed  therefore  required  to  proj>erly  operate  a  machine  is  an 
important  factor  in  ascertaining  its  efficiency. 

The  above  percentage  of  lass  may  not  appear  great,  but  when  it 

^  Bead  before  the  Amerimn  Philosophic/d  Society,  Nov.  1,  1878. 
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i^  compared  with  the  total  work  done  in  the  arc,  as  heat,  constituting 
a^  it  did  in  this  particular  instance  over  50  per  cent,  of  the  latter,  and 
about  33  per  cent,  of  the  total  work  of  the  circuit,  its  influence  is  not 
to  be  disregarded.  In  another  instance  the  work  consumed  as  friction 
was  equal  to  about  80  per  cent,  of  that  appearing  in  the  arc  as  heat, 
while  in  the  Gramme  machine  experimented  with,  this  percentage  fell 
to  20  per  cent,  of  that  which  appeared  in  the  arc  as  heat,  and  was 
only  about  7  per  cent,  of  the  total  power  consumed  in  driving  the 
machine. 

Tn  regard  to  the  second  way  in  which  mechanical  energy  is  consumed, 
viz.:  in  overcoming  the  resistance  necessary  to  move  the  armature 
through  the  magnetic  field,  or  in  other  words,  to  produce  electrical 
current,  it  must  not  be  supposed  that  all  this  electrical  work  appears 
in  the  circuit  of  the  machine,  since  a  considerable  portion  is  expended 
in  producing  what  we  term  the  local  action  of  the  machine,  that  is 
local  circuits  in  the  conducting  masses  of  metal,  other  than  the  wire, 
o^n/iposing  the  machine. 

The  following  instances  of  the  relation  between  the  actual  work  of 
the  circuit,  and  that  expended  in  local  action,  will  show  that  this  latter 
k  in  no  wise  to  be  neglected.  In  one  instance  an  amount  of  power 
somewhat  more  than  double  the  total  work  of  the  circuit  was  thus 
expended.  In  this  instance  also  it  constituted  more  than  five  times  the 
t^^tal  amount  of  power  utilized  in  the  arc  for  the  production  of  light. 
In  another  instance  it  constituted  less  than  one-third  the  total  wol*k  of 
the  circuit,  and  somewhat  more  than  one-half  the  work  in  the  arc. 

Of  course  work  expended  in  local  action  is  simply  thrown  away, 
since  it  adds  only  to  the  heating  of  the  machine.  And  since  the  latter 
increases  its  electrical  resistance,  it  is  doubly  injurious. 

The  local  action  of  dynamo-electric  machines  is  analogous  to  the 
local  action  of  a  battery,  and  is  equally  injurious  in  its  effects  upon  the 
available  current.     - 

Again,  in  regard  to  the  internal  work  of  a  machine,  since  all  this  is 
eventually  reduced  to  heat  in  the  machine,  the  temperature  during 
running  must  continually  rise  until  the  loss  by  radiation  and  convec- 
tion into  the  surrounding  air,  equal  the  production,  and  thus  the 
machine  will  acquire  a  constant  temperature.  This  temperature,  how- 
ever, will  differ  in  different  machines  according  to  their  construction, 
and  to  the  power  expended  in  producing  the  internal  w^ork*  being,  of 
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course,  higher  when  the  power  expended  in  producing  the  internal 
Avork  is  proportionally  high. 

If  therefore  a  machine  during  running  acquires  a  high  temperature 
when  a  proper  external  resistance  is  employed,  its  efficiency  will  \ye 
low.  But  it  should  not  be  supposed  that  because  a  machine  when  run 
without  external  resistance,  that  is  on  short  circuit,  heats  rapidly,  that 
inefficiency  is  shown  thereby.  On  the  contrary,  should  a  machine 
remain  comparatively  cool  when  a  proper  external  resistance  is  em- 
ployed, and  heat  greatly,  when  put  on  short  circuit,  these  conditions^ 
should  be  regarded  as  a  proof  of  its  efficiency. 

As  a  rule  the  internal  resistance  of  Dynamo-Electric  Machines  is  so 
low  that  to  replace  them  by  a  battery,  the  latter,  to  possess  an  equal 
internal  resistance,  would  have  to  be  made  of  very  large  dimensions^ 
so  that  the  efficiency  of  Dynamo-Electric  Machines  cannot  be  state<l 
in  terms  of  battery  cells  as  ordinarily  constructed. 

In  regard  to  the  second  division,  viz.,  the  external  work  of  the 
machine,  this  may  be  applied  in  the  production  of  light,  heat,  elec- 
trolysis, magnetism,  etc. 

Where  it  is  desired  to  produce  light,  the  external  resistance  is  gen- 
erally that  of  an  arc  formed  between  two  carbon  electrodes;  the 
resistance  of  the  arc  is  therefore  an  important  factor  in  determining 
the  efficiency.  To  realiise  the  greatest  economy,  the  resistance  of  the 
arc  should  be  low,  but  nevertheless  should  constitute  the  greater  i>art 
of  the  entire  circuit  resistance. 

In  some  of  our  measurements  the  resistance  of  the  arc  was  surpris- 
ingly low,  l>eing  in  one  instance. '54  ohm.,  and  in  another '79  ohm. 
It  was  however  in  some  instances  as  high  as  3^18  ohms. 

It  may  be  noted,  as  an  interesting  fact,  that  where  the  greatest  cur- 
rent was  flowing,  the  resistance  of  the  arc  thereby  produced  was  low. 
This  is  undoubtedly  due  to  higher  temperature  and  increased  vapori- 
zation from  the  carbons.  In  this  latter  case  also  the  greatest  amount 
of  light  was  produced. 

The  amount  of  work  appearing  in  the  arc  as  measured  by  the  num- 
ber of  foot  pounds  equivalent  thereto,  is  not  necessarily  an  index  of 
the  lighting  power.  In  two  instances  of  measurement,  the  amount 
of  energy  thus  appearing  in  the  arc  was  equal,  while  the  lighting 
powers  were  proportionately  as  three  to  four.  This  apparent  anomaly 
is  explained  by  considering  the  resistance  of  the  arc,  it  being  muck 
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less  in  the  case  in  which  the  greater  light  was  produced.  The  heat 
in  this  case  being  evolved  in  less  space,  the  temperature  of  the  carbons 
and  therefore  their  light-giving  powers,  was  considerably  increased. 

A  few  remarks  on  the  economical  production  of  light  from  electrical 
<*urrent  may  not  be  out  of  place.  The  light  emitted  by  an  incandes- 
<}ept  solid  will  increase  as  its  temperature  is  increased.  In  the  voltaic 
arc  the  limit  to  increase  of  temperature  is  in  the  too  rapid  vaporiza- 
tion of  the  carbon.  Before  this  point  is  reached,  However,  the  tem- 
perature is  *such  that  the  light  emitted  is  exceedingly  intense.  No 
reliable  method  of  measuring  the  temperature  of  the  arc  has  as  yet 
been  found. 

A  well  known  method  of  obtaining  light  from  electrical  currents  is 
by  constructing  a  resistance  of  some  material  such  as  platinum  having 
a  high  fusing  point  and  heated  to  incandescence  by  the  passage  of  a 
current.  When  platinum  is  employed  the  limit  to  its  increase  of 
temperature  is  the  fusing  point  of  the  platinum,  which  is  unquestion- 
ably but  a  fraction  of  the  temperature  required  to  vaporize  carbon. 
Were  the  falling  off  in  the  amount  of  light  emitted  merely  propor- 
tional to  the  dec*rease  in  temperature,  the  method  last  described  might 
be  economical.  Unfortunately  however  for  this  method,  many  facts 
show  that  the  decrease  in  the  light  emitted  is  far  greater  than  the 
decrease  of  the  temperature.  Most  solids  may  be  heated  to  lOOO^F., 
without  practically  emitting  light.  At  2000°F.,  the  light  emitted  is 
such  that  the  body  is  said  to  be  a  bright  red.  At  4000T.,  the 
amount  of  light  will  have  increased  more  than  twice,  probably  as 
much  as  four  times  that  emitted  at  20(X)°F.  It  is  reasonable  to 
suppose  that  with  a  further  increase  of  temperature,  the  same  ratio  of 
increase  Avill  be  observed,  the  proportionate  increase  in  luminous 
intensity  far  exceeding  the  inctease  in  temperature. 

It  would  therefore  appear  that  the  employment  of  a  resistance  of 
platinum  or  other  similar  substance;  whose  temperature  of  alteration 
of  state  as  compared  with  that  of  carbon  is  low,  must  be  far  less 
economical  than  the  employment  of  the  arc  itself,  which  as  now  pro- 
duced has  been  estimated  as  about  two  or  three  times  less  expensive 
than  ga<. 

Indeed  it  would  seem  that  future  improvements  in  obtaining  light 
from  electrical  currents  will  rather  be  by  the  use  of  a  sufficient  resist- 
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anoe  in  the  most  limited  space  practicable,  thereby  obtaining  in  such 
space  the  highest  possible  temperature. 

Perhaps  the  highest  estimate  that  can  be  given  of  the  efficiency  of 
Dynamo-Electric-Machines  as  ordinarily  used,  is  not  over  50  per  cent.^ 
our  measurements  have  not  given  more  than  38  per  cent.  Future 
improvements  may  increase  this  proportion.  Since  the  efficiency  of  an 
ordinary  steam  engine  and  boiler  in  utilizing  the  heat  of  the  fuel  i^ 
probably  overestimated  at  20  per  cent.,  the  apparent  maximum  per- 
centage of  heat  that  could  be  recovered  from  the  current  developed  in 
a  Dynamo-Elec'tric-Machine  would  be  overestimated  at  10  per  cent. 
The  economical  heating  of  buildings  by  means  of  electricity  may  there- 
fore be  regarded  as  totally  impractic*able. 

Attention  has,  long  ago,  been  directed  to  the  ase  of  Dvnamo-Electrie 
Machines  for  the  conveyance  of  power.  Their  employment  for  thitf 
purpose  would  indeed  seem  to  be  quite  promising.  Since  in  this  ca^»e 
one  machine  is  employed  to  produce  electrical  currents,  to  be  recon- 
verted into  mechanical  force  by  another  machine,  the  question  of 
economy  rests  in  the  perfection  of  the  machines  and  in  their  relative 
resistances. 

In  respect  to  the  relations  that  should  exist  between  the  external  and 
internal  work  of  Dynamo-Electric  Machines,  it  will  be  found  that  the 
greatest  efficiency  will,  of  course,  exist  where  the  external  work  is 
much  greater  than  the  internal  work,  and  this  will  be  proportionately 
greater  as  the  external  resistance  is  greater.  Our  measurements  gave 
in  one  instance  the  relation  of  '82  ohm.  of  the  arc  to  '49  ohm.  of  the 
machine,  a  condition  which  indicates  economy  in  working.  The  other 
extreme  was  found  in  an  instance  where  the  resistance  of  the  arcr  was 
1'93  ohm.,  Avhile  that  of  the  machine  was  4*60  ohms.,  a  condition  indi- 
cating wastefulness  of  power.  ^^^ 


ITickel  Compass  ITeedles. — Joseph  Wharton  has  sent  to  tlie 
French  Academy  a  marine  compass  with  a  nickel  needle,  constructe<l 
nearly  after  Sir  Wm.  Thomson's  model.  Four  similar  compasses  have 
been  placed  on  Russian  cruisers.  It  is  proposed  that  the  fifth  should 
l)e  put  on  a  French  ship  for  comparison  with  steel  needles. — ComjtfM 
Rendus, 
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PHOTOGRAPHY  A8  APPLIED  TO  THE  REPRODUCTION 
OF  PLANS  AND  DRAWINGS. 


By  David  Townsend,  B.  S. 


The  various  means  by  which  drawings  may  be  copied  without  the 
aid  of  a  camera  will,  I  think,  be  of  interest  to  all,  but  more  esj)e(nally 
to  draughtsmen  and  engineers  whose  time  is  valuable  and  whose  dis- 
like to  making  intricate  tracings,  proverbial.  The  different  prcK^sses, 
which  I  will  describe  in  detail,  were  all  practiced  in  my  laboratory 
with  a  view  to  the  adoption  of  the  best  by  the  works  with  which  I  am 
Connected.  I  write,  therefore,  to  benefit  tha^e  who  may  be  already  on 
the  road  or  who  ^vish  to  follow  after.  But,  tefoi'e  passing  to  details, 
it  would  l>e  well  to  consider  the  substances  used  as  sensitizei>i,  or  pic- 
ture producers,  and  the  effect  which  light  has  upon  them.  This  will 
enable  ils  to  better  understand  the  chemistry  of  the  processes  and  |)er- 
hapj*  point  the  way  to  new  fields  and  improvements.  The  compounds 
most  iLsed  to  make  a  sensitive  paper  are  chloride  of  silver,  the  per- 
salts  of  iron  and  uranium,  and  bi-chromate  of  potassium.  Thesd^will 
be  considered,  with  regard  to  the  changes  produced  on  them  by  lii^ht, 
in  the  order  named. 

Chloride  of  Silver. 

Chloride  of  silver  was  the  first  substance  noticed  that  changed  by 
exposure  to  light.  Its  properties  were  known  to  the  alchemists  of  the 
sixteenth  century,  who  called  it  "  lua  C07mmt/^  but  it  was  first  brought 
to  notice  by  the  researches  of  Scheelein  1778.  This  celebrated  chem- 
ist observ^ed  that  whenever  chloride  of  silver  was  exposed  to  light, 
chlorine  was  liberated,  producing  a  blackening,  and  that  on  treating 
this  black  residue  with  ammonia,  metallic  silver  was  left  behind.  The 
present  theory  is  that  the  chloride  is  reduced  to  the  state  of  sub-chlo- 
ride by  the  action  of  light  and  free  chlorine  is  liberated.  It  was  also 
observed  that  when  silver  c;hloride  was  exposed  in  the  pres(»nce  of 
ijitrate  of  silver  the  bla<jkening  was  much  more  rapid,  owing  to  the 
fact  that  the  free  chlorine  liberated  united  with  the  silver  nitrate  to 
produce  fresh  silver  chloride.  Thus  we  conclude  that  the  sensitiveness 
is  increased  in  proportion  as  there  is  a  chlorine  absorbent  present.     If, 
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then,  wo  sensitize  a  piece  of  paper,  that  has  previously  been  salted, 
with  nitrate  of  silver  in  solution,  the  sodium  chloride  will  precipitate 
some  of  the  silver  as  chloride  while  the  excess  will  still  remain  as 
nitrate,  thus  making  a  highly  sensitive  surfoce  and  fulfilling  all  that  is 
required  for  printing  pictures. 

Iron  and  Uranium. 

The  next  salts  we  shall  consider,  in  regard  to  their  behavior  when 
exposed  to  light,  are  those  of  iron  and  uranium.  Their  reactions  are 
similar,  and  we  are  indebted  to  Sir  John  Herschel  and  Niepoe  de  St. 
Victor  for  the  discovery  of  their  peculiar  properties.  If  we  take  two 
pieces  of  jmper  and  brush  them  with  a  solution  of  ferric  chloride,  then 
expose  one  to  the  light  and  retain  the  other,  finally  flow  ferricyanide 
of  potassium  over  both  we  will  find  that  the  one  that  was  exposed 
will  turn  blue,  while  the  other  will  remain  unaltered.  Now,  as  ferri- 
cyanide of  ]3otassium  precipitates  iron  only  in  the  ferrous  state,  we 
(*onclude  that  the  action  of  light  has  been  to  reduce  the  ferric  chloride 
(FcgClg)  to  ferrous  chloride  (FeClg).  By  similar  experiments  we  may 
say  that  the  action  of  light  on  all  ferric  salts,  under  certain  conditions, 
is  to  reduce  them  to  the  ferrous  state.  The  conditions  to  which  I  refer 
are  the  presence  of  some  organic  matter,  such  as  the  paper,  glazing,  etc., 
because  otherwise  the  reduction  is  exceedingly  slow.  This  property  of 
reduction  by  light  possessed  by  all  per-salts  of  iron  should  be  especially 
remembered,  as  it  forms  the  basis  of  a  number  of  processes  whose  details 
will  be  given  hereafter.  The  action  of  light  on  the  per-salts  of 
uranium,  especially  the  nitrate,  is  exactly  similar  to  its  action  on  iron, 
it  reduces  all  uranic  to  uranous  compound**. 

Chromium. 

The  remaining  mefeillic  compounds  which  are  of  value  an  sensitizing 
agents  are  those  of  chromium  combined  with  the  alkalies.  The 
alkaline  bichromates,  and  especially  of  potassium  are,  under  certain 
conditions,  far  more  sensitive  to  the  action  of  light  than  either  nitrate  or 
chloride  of  silver.  Potassium  bi-chromate  (KgCVjOy)  by  itself  is  a 
jjermanent  salt,  but  when  in  contact  with  organic  substances,  it  quickly 
decomposes  in  the  light.  This  property  and  its  extrer^ie  sensitiveness 
renders  it  invaluable  to  photography,  in  which  it  forms  the  basis  for 
minierous  processes,  such  as  the  Carbon,  Woodbury,  Photolithographic, 
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<3te.      It  is  also  the   principal    ingredient  in  the  aniline  process,  at 
present  much  used  in  Europe  for  the  reproduction  of  drawings. 

Having  thus  seen  the  action  which  light  produces  on  the  diflferent 
substances,  we  >vill  now  consider  how  we  can  best  use  their  peculiar  pro- 
perties for  producing  photographic  pictures.  It  would  be  well  to  mention 
here  that  in  all  cases,  whatever  the  process,  the  operations  of  producing 
a  picture  are  substantially  the  same.  First,  there  must  be  a  suitable 
t^upport,  or  ground  on  which  the  picture  is  to  be  produced,  such  as 
paper ;  second,  the  ground  must  be  coated  with  substances,  called  sensi- 
tizers, which  shall  be  sensitively  affected  by  the  light ;  third,  chemical 
reagents  mast  be  used  which  will  combine  with  and  develop  the  image 
produced  upon  the  sensitive  paper,  and,  fourth,  fixing  agents  or  chemical 
solvents  must  be  used  that  will  dissolve  all  unaltered  sensitizing  agents 
and  make  the  picture  jjermanent.  Let  us  now  consider  the  diflferent 
procesvses. 

Silver  Process. 

As  was  stated  before,  Scheele  was  the  first  to  point  out  the  eifect 
which  light  hail  on  chloride  of  silver,  but  Sir  Humphry  Davy,  in  1802, 
was  the  first  to  produce  a  picture  by  the  silver  process ;  since  that  time 
it  has  made  rapid  strides  toward  perfection  and  it  is  to-day  the  only 
printing  process  that  has  taken  firm  hold  on  practice.  Of  all  the  pro- 
c-^^sses  which  I  shall  give,  it  is  the  most  reliable,  the  easiest  to  govern, 
and  yields  the  best  result**.  The  manipulations  required  are  more  numer- 
ous than  diflficult,  and  after  a  little  practice,  become  as  easy  as  simpler 
methods.     The  operations  taken  in  their  order  are  as  follows : — 

1.  Preparing  the  paper,  or  salting. 

2.  Sensitizing. 
'\.  Expasing. 

4.  Washing. 

5.  Toning. 

6.  Washing. 

7.  Fixing. 

8.  Final  wa<*hing. 

(1)  Salting  the  Paper, 

As  the  plain  salted  paper,  which  is  invariably  used  for  this  process, 

is   easily   obtainable  in  the  markets  in  sheets  of  ahy  size,  it  is  not 

necessar\^  that  time  should  be  consumed  in  its  preparation ;  but  for 

those  who  are  not  convenient  to  any  depot,  or  who  wish  to  prepare  it 
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for  themselves,  the  following  direc^tions  will  be  of  value.  The  papers 
most  preferred  are  the  Rive  and  Steinbach,  but  other  brands  of  English 
and  American  manufacture  will  answer  just  as  well  for  this  puri>ose. 
If  the  jmper  be  of  the  finest  quality  imported  the  salting  solution  is 
composed  of 

Ammonium  chloride,  1  part. 

Pure  water,  46    " 

but  if  it  be  the  ordinary  market  article,  or  has  not  sufficient  sizing^ 
the  solution  should  contain  : 

Sodium  chloride,  .  .  .  .4  part*?. 

Ammonium  chloride,  .  ...  6     " 

Sodic  citrate,     .  .  .  .  .       10     ** 

Gelatine,      .....  1     " 

Pure  water,       .....     460     '' 

Sufficient  of  the  solution  must  he  made  to  cover  the  bottom  of  a  pan 
to  the  depth  of  half  an  inch.  The  pan  should  be  two  inches  larger 
each  way  than  the  sheet  to  be  salted  and  may  be  made  of  wood  or  tin, 
properly  protected.  It  would  be  well  to  state  here  that  all  the  iiaa-^y 
with  the  exception  of  the  silver  bath,  can  be  made  of  tin  thickly 
coated  on  both  sides  with  asphalt,  which  rendei-s  them  imj)ervious 
to  acids  and  alkalies.  These  pans  should  be  made  of  a  size  to 
suit  the  largest  drawing  to  be  copied,  and  each  o}>eration  should  have 
a  pan  especially  for  that  purpose.  The  salting  bath  is  now  jK)ure<l 
into  a  pan,  and  all  bubbles  removed  from  the  surface  with  a  piece  of 
paper,  the  paper  to  be  salted  is  then  taken  between  t^e  thumb  and  first 
finger  of  each  hand,  at  oppasite  corners,  and  curved  so  that  on  letting 
it  down  until  in  contact  with  the  liquid,  the  centre  line  will  touch  first. 
The  right  hand  is  lowered  carefully,  and  then  the  left,  until  the  pa|)er 
floats  evenly  upon  the  surface  of  the  solution.  If  any  air  bubbles 
are  observed  under  the  sheet,  one  corner  is  lifted  and  the  bubbles 
touched  with  a  glass  rod.  This  is  ver\'  important,  otherwise  the  air, 
acting  as  a  cushion,  prevents  the  salting  solution  from  touching  the 
paper  and  leaves  a  spot  which  will  not  become  seasitive  in  the  next 
operation.  After  allowing  to  float  three  or  four  minutes,  the  i>aper  is 
raised  by  lifting  two  corners  on  the  short  side  and  drawing  it  evenly 
from  the  bath,  after  which  it  is  suspended  from  a  line  by  compression 
pins  and  allowed  to  dry.      The  process  of  swimming  the  paper,  as 


Digitized  by 


t^oogle 


Feb.,  1879.]  Towmeml — Plwtogi'aphy.  llo* 

described  above,  is  also  applied  when  sensitizing,  and  should  he  j)rdo- 
tioed  until  perfection  is  attained.  Care  must  be  exercisecl  in  lx)th 
operations  not  to  allow  the  solution  to  flow  on  the  back  of  the  papers 
as  a  black  spot  will  be  the  result  when  it  is  exposed  to  the  light. 
When  the  paj^er  is  dry,  it  is  taken  from  the  line,  stamped  or  markeil 
on  the  backj  and  laid  away  flat,  to  be  used  as  needed.  A  description  ot" 
the  preparation  of  albumen  paper  is  not  necessarj',  as  it  is  seldom  ased 
for  reproductions  and  can  be  bought  much  cheaper  than  one  c^>uld 
make  it.  For  copying  verj^  fine  engravings  or  architectural  designs^ 
it  is  sometimes  desirable  because  of  the  brilliant  finish  and  the  })leas- 
ant  color  when  toned. 

(2)  Sensitizing, 

We  now  come  to  the  second  o}>eration,  namely,  sensitizing,  or  apply- 
ing  a  substance  which  will  be  aifected  by  the  light.  In  this  case,  we 
iL<*e  nitrate  of  silver,  the  theory  being  that  when  the  salt  in  the  paper 
comes  in  contact  with  a  solution  containing  the  nitmte,  chloride  of 
silver  is  precipitated,  which  forms  an  exceedingly  sensitive  surface,  in 
the  presence  of  an  excess  of  nitrate  of  silver  and  organic  matter. 

The  silver  bath  consists  of : — 

Cryst.  silver  nitrate,  .  .  .  .1  part. 

Citric  acid,        .  .  .  .  •  2     " 

Alcohol,     .  .  .  .  .  ,     i     '' 

Distilled  water,  .  .  .  .  10     " 

The  pure  crystallized  nitrate  of  silver  is  dissolved  in  one  portion  of 
the  water,  the  citric  acid  in  another,  and  the  solutions  added,  together 
with  the  alcohol.  Paper  sensitized  with  this;  bath  will  keep  unaltered 
for  months,  whereas,  if  only  nitrate  of  silver  and  water  had  l)een  iLsed,. 
it  would  turn  yellow  in  a  short  time.  Enough  of  the  bath  should  be 
made  up  to  float  the  paper  without  touching  the  bottom  of  the  pan. 
The  vessel  in  which  the  seasitizing  is  performed  consists  of  a  tin  pan^ 
thickly  painted  with  asphalt,  which,  when  dry,  is  coated  by  means  of^ 
a  brush  with  melted  wax.  This,  when  cold,  forms  a  good  lining  which 
is  not  in  the  least  aflfected  by  the  silver  and  which  does  not  affect  or 
contaminate  it.  I  have  itsed  such  a  pan  for  months  without  any 
perceptible  change  in  either  the  pan  or  bath.  This  foruLS  a  cheap  and 
desirable  substitute  for  jx)rcelain,  which  would  be  difficult  to  get 
sufficiently  large.      The   manipulation  of  the  paper  is  the  sam(;  as. 
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deKTibed  under  the  heatl  of  salting,  being  shortly  as  follovrs : — ^The 
pai)er  is  taken  at  two  op})osite  corners  and  bent  evenly  without  making 
iiny  creases  or  bretiks.  It  is  then  held  over  the  bath  and  lowered 
gently  until  it  touches  the  liquid.  One  corner  is  then  lowered  until 
half  the  pa[)er  lies  on  the  bath,  then  the  other  is  treated  likewise  The 
pa[)er  should  always  be  rolled  with  the  salted  side  out,  otherwise  the 
<?dges  will  dip  into  the  bath  on  floating  it,  and  cause  spots  on  the  back. 
When  the  paper  is  veiy  large  it  is  necessary  to  have  an  assistant  to 
prepare  it  properly.  If  any  bubbles  appear  under  the  paper,  they 
must  l)e  carefully  removed  with  a  glass  rod,  but  when  the  sheets  are 
large  it  will  be  more  convenient  to  touch  the  spot**  with  a  clean  brush 
moistened  with  the  solution,  on  taking  the  paper  off  the  bath.  The 
paper  is  allowed  to  float  for  one  minute  in  winter  and  forty  to  forty- 
five  seconds  in  summer.  The  temperature  of  the  bath  is  also  impor- 
tant, l>ec»ause  if  it  l)e  ic»e-c»old  sensitizing  will  proceed  very  slowly, 
therefore  it  is  best  to  warm  the  liquid  slightly  in  very  cold  weather. 
The  pai)er  is  just  the  opposite,  as  it  keeps  best  when  cold.  Sensitizing 
^should  be  performed  in  a  dark  room,  photographically  speaking  ;  that 
is,  in  a  room  lighted  only  by  such  colors  as  have  no  actinic  action  on 
^nsitive  substances,  such  as  red,  orange,  or  yellow.  My  own  laboratory 
is  arranged  with  heavy  yellow  shades,  put  on  rollers  which  slide  in 
groove**,  thus  I  «in  have  actinic  or  non-actinic  light  at  pleasure  by 
dimply  raising  or  lowering  the  shades.  It  would  be  well  to  have  such 
an  arrangement,  as  all  the  operation^  to  the  final  w^ashing  require  to  be 
[performed  in  non-actinic  light.  Care  should  be  taken  not  to  let  the 
silver  solution  wet  the  back  of  the  paper,  and  to  avoid  touching  it  with 
unclean  fingers,  as  black  spots  will  appear  when  the  sheet  is  exposed,  and 
mar  the  beauty  of  the  drawing.  When  the  paper  is  sufficiently  sensitized, 
it  is  drawn  carefully  from  the  bath,  and  suspended  from  a  line  by 
<H)mpression  pins,  to  dry.  A  piece  of  blotting  pa|)er  should  be  placed 
under  it  to  catch  the  silver  solution  which  drops  off  and  which  may 
be  regained.  The  silver  bath  should  be  occasionally  tested  for  strength, 
and,  if  weak,  the  proper  amount  of  new  nitrate  added.  It  may  also 
become  cloudy,  due  to  organic  matter,  but  this  may  be  removed  by 
adding  a  few  drops  of  potassium  permanganate  in  water  (1  to  100)  or 
until  a  faint  pink  color  is  produced,  then  putting  it  in  the  sunlight  for 
several  hours.     Silver  stains  on  the  hands  may  be  removed  by  rubbing 
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them  with  cyanide  of  potassium  and  water,  but  as  this  salt  is  a  deadly 
poison  it  should  be  used  with  great  care. 

(3)  Expodng, 
Next  is  the  exposing  of  the  prepared  sensitive  paper  to  the  action  of 
light,  under  a  drawing  in  order  to  produce  a  copy.     The  tlieory  of  the 
operation  has  been  explained;  it  is  carried  out  in  what  is  known  as 
the  printing  frame  (Fig.  1).     This  consists  of  a  wooden  box  having 
four  shallow  sides,  two  to  four  inches  in  height,  the  front  being  a  piece 
of  plate  glass,  fitting  in  the  frame,  and  the  back  (C)  consisting  of  two 
pieces  provided  with  hinges  so  that  either  side  may  be  opened  without 
disturbing  the  other.     The  back  is  pressed  tightly  against  the  glass  by 
means  of  a  couple  of  springs  (A  and  B)  fastened  on  two  cross  pieces  of 
wood  held  by  catches  and  hingas  to  the  frame.     To  the  back  is  glued 
a  soft  piece  of  canton  flannel  which  presses  against  the  glass.     These 
frames  may  be  procured  ready  made  from  3X4  inches  up  to  20  X  24 
inches,  and  other  sizes  may  be  had  to  order.     The  frame  is  carried  into 
the  dark  room,  the  back  removed,  and  the  drawing,  if   on  tracing 
paper,  is  put  in  with  its  right  side  against  the  glass;  the  sheet  of 
prepared  paper  is  then  placed 
with  its  sensitive  side  against 
the    back  of   the  drawing; 
two  or  three  thicknesses  of 
canton  flannel  are  next  laid 
in  and  then,  after  making 
all    as   smooth    as   possible, 
the  back  is  replaced  and  the 
springs  shut.     If,  on  turning 
it  over,  any  wrinkles  appear, 
that  side  of  the  frame  is  re- 
opened and  a  piece  of  paper 

put  against  the  spot,  when  all  will  come  sm(X)th  on  again  closing  the 
frame.  The  frame  is  now  carried  into  the  light  and  left  until  the  j)a])er 
turns  brown,  which  it  will  do  in  a  short  time.  It  is  then  carried  back 
and  opened  or,  if  not  in  sunlight,  it  may  be  quickly  examined  without 
taking  it  to  the  dark  room.  If  all  the  lines  are  still  white,  it  must  be 
closed  and  again  exposed  to  light,  but  if  the  white  lines  are  slightly 
brown,  the  exposure  is  sufficient.  In  every  case  the  print  should  be 
over  exposed,  as  it  fades  considerably  in  the  subsequent  oi)erations. 
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No  special  directions  need  be  given  in  regard  to  time,  as  it  varies 
•considerably  and  is,  besides,  easily  controlled.  The  picture  produced 
will  be  a  positive,  or  like  the  original,  except  it  will  have  white  lines 
•<»n  »  dark  ground.  In  order  to  produce  dark  lines  on  a  white  ground, 
two  prints  are  respired  to  be  made,  one  reversed,  which  is  finished  and 
tJien  used  as  a  negative  to  produce  the  desired  positive.  Drawings 
made  on  tracing  cloth  may  be  printed  either  as  positive  or  negative  at 
"will,  but  w  here  the  original  is  on  regular  drawing  paj)er,  a  negative 
•only  can  l)e  produced,  owing  to  the  thickness  of  the  paper.  Originals 
made  on  paper  that  is  soiled,  or  yellow  from  age,  can  not  be  copied 
l>ecause  the  color  makes  them  non-actinic.  It  would  be  well  to  remem- 
'l)er  that  the  more  opaque  the  lines  of  the  original,  the  better  will  be 
the  copy,  therefore  we  make  use  of  the  non-actinic  jM'operties  of  certain 
<?olors  and  mix  brown,  vermillion,  or  yellow  with  the  India  ink  used 
in  making  the  drawing.  It  is  a  good  plan  in  large  establishments, 
Avhere  a  great  many  copies  of  one  drawing  are  required,  to  pencil  the 
•original  on  paper  and  finish  only  the  tracing  which  may  be  kept 
as  a  negative  to  reproduce  any  number  of  copies.  My  own  experience 
has  been  that  tracing  cloth  is  much  better  than  paper,  as  it  is  less 
liable  to  tear  or  wrinkle  and  gives  more  accurate  results. 

(4)  Washing, 
After  obtaining  a  sufficient  exposure,  as  directed  above,  the  frame  is 
T)rought  into  the  dark  room  and  the  picture  removed ;  it  is  then  put  in 
a  pan  of  sufficient  size,  arranged  so  that  water  may  run  in  at  one  side 
and  out  at  the  other,  and  left  until  the  water  becomes  clear.  If  this 
<'annot  be  conveniently  accomplished,  it  is  placed  in  a  pan  and  the 
water  changed  four  times.  Now,  as  all  the  parts  protected  from  the 
light  still  contain  nitrate  of  silver,  this  will  be  dissolved  in  the  water 
tmd  it  becomes  a  matter  of  economy  to  recover  it.  When  the  print  is 
ssmall,  the  water  may  be  preserved  in  a  keg  and  the  silver  extracted  at 
leisure,  but  where  running  water  is  used,  other  means  must  be  resorted 
to.  The  easiest  way  is  to  place  two  old  felt  hats,  each  containing  a 
handful  of  common  salt,  under  the  exit  pipe,  when  the  silver  in  passing 
through  the  salt  will  be  precipitated  as  chloride  and  caught  in  the 
fibers  of  the  felt.  In  the  course  of  time  the  hats  will  become  saturated 
and  may  then  be  dried,  burned,  and  the  silver  extracted.  The  next 
two  operations,  viz.,  (5)  Toning  and  (6)  Washing,  are  seldom  performed 
ff^r  copying  drawings,  but  the  j)rint  is  immediately  fixed  after  being 
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wai^hed.     For  very  fine  line  engravings,  or  for  copying  photographs, 
they  are  important,  and  so  I  will  describe  them. 

(5)  Tonhig. 

By  toning  we  mean  giving  color  or  tone  to  the  picture.  The  chem- 
ical theory  is  somewhat  complicated  but  depends  principally  upon  the 
fact  that  when  a  neutral  solution  of  some  metallic  chloride,  such  as 
gold  or  platinum,  comes  in  contact  with  the  washed  print  the  chlorine 
leaves  the  gol<J  and  combines  with  the  silver,  thus  forming  a  deposit 
of  gold  on  the  picture.  The  chloride  of  gold  is  generally  used  for 
this  purpose  and  a  normal  solution  is  made  by  dissolving 

Chloride  of  gold  and  sodium,  .  .  1  part. 

In  dist.  water,     .  .  ,  .  .      50     " 

This  is  kept  in  a  bottle  and  for  every  sheet  of  20  X  24  inches  3  cc. 
are  taken  and  mixed  with  300  oc.  of  the  following  solution : — 

Borax,  .  .  .  .  .1  part. 

Water, 150     " 

It  is  sometimes  convenient  to  keep  a  toning  bath  made  up  which  can 
be  used  a  number  of  times ;  in  this  case  it  should  consist  of: — 

Chloride  of  gold,  .  .  .  .1        part. 

Chloride  of  calcium,  .  .  .  1*4        " 

Water,  .  .  .  .         4,564 

A  little  gold  should  be  added  from  time  to  time,  as  the  bath  becomes 
exhausted.  As  nothing  but  small  prints  will  require  toning,  a  suit- 
a,ble  porcelain  dish  should  be  provided  and  kept  solely  for  this  purpose. 

(6)  Washing, 

This  washing  is  merely  to  remove  surplus  toning  solution  and  is 
not  very  important.  Five  minutes  in  running  water  will  be  sufficient, 
and  the  waste  need  not  be  saved  as  it  is  too  dilute  to  pay  for  the 
trouble  of  extracting  the  silver. 

(7)  Fixing. 
After  removing  all  metallic  salts,  solute  in  water,  by  washing,  it  is 
next  necessar}^  to  dissolve  out  those  still  insoluble  and  remaining  in  the 
parts  unacted  upon,  so  that  when  the  picture  is  finished  and  brought 
into  the  light,no  change  will  take  })lace.  The  sol  vent  generally  used  is 
Tiyposulphite  of  sodium,  or  "  hypo  "  solution,  as  it  is  technically  termed. 
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This  salt  has  a  peculiarity  which  should  be  remembered,  namely,  when  in 
excess  it  acts  as  a  solvent  for  salts  of  silver,  but  when  the  latter  are  in 
excess,  the  silver  is  precipitated  as  sulphide  which,  when  in  contact  with 
the  paper,  becomes  black  and  insoluble.  Great  care  must  therefore  l)e 
tiiken  to  have  the  hands  perfectly  free  from  "  hyiK),''  when  silvering 
the  paper  or  in  afterwards  handling  it,  otherwise  black  spots  and  fing^ir 
marks  will  be  produced.  The  fixing  bath  consists  of : 
«.      Hyposulphite  of  soda  (Na^SgOg),  .  .       1  part. 

Water,  .  .*  .  .  .  10     " 

Concentrated  ammonia,     .  .  .  .      ^     " 

or 
b.      Saturated  solution  of  hyposulphite,     .  .  1  part. 

Water,     .  .         *    .  .  .  .       8     " 

^  Saturated  solution  bicarbonate  of  soda,  .  \     " 

The  alkali  in  both  cases  is  used  to  neutralize  any  free  acid  in  the 
solution  which  would  otherwise  liberate  sulphur  and  ]>roduce  blac^k 
s[)ots  on  the  print.  I  think  formula  (6)  is  preferable  to  formula  {a)y 
because  the  ammonium  in  the  latter  causes  the  paper  to  become  very 
tender  and  it  Is  much  more  easily  torn.  The  solution  Ls  put  in  a  jmn 
kept  especially  for  the  puq)ose,  and  the  washed  print  transferred  by 
taking  two  corners  and  lifting  it  carefully  from  the  surface  of  the  water. 
It  is  then  let  down  as  quickly  as  possible  and  speedily  covered  on  all 
parts  with  the  fixing  solution,  being  careful  to  remove  all  bubbles. 
It  is  allowed  to  remain  completely  immersed  for  eight  to  ten  minutes 
in  warm  weather,  but  if  the  bath  is  cold,  a  nuicli  longer  time 
will  be  required.  When  the  paper  l(K)ks  transparent  the  fixing 
is  finished.  The  prints  fade  considerably  in  this  bath,  but  regain  some 
of  their  color  when  washed  and  dried.  The  fixing  solution  must  now 
l>e  removed  from  the  paper  or  it  will  dissolve  the  image,  and  this  i-» 
accomplished  by  the  last  operation  to  which  the  pajx^r  is  subjected, 
namely — 

(8)  Final    Washing, 

The  print,  which  is  now  very  tender,  is  taken  by  the  two  short<\-.t 
corners  and  raised  off  the  fixing  bath ;  it  is  allowed  to  drain  thus  for  a 
short  time,  and  is  then  carried  to  a  pan  kei>t  es})ecially  for  this  purjx)se. 
The  thoroughness  with  which  this  washing  is  performed  will  determine 
the  durability  of  the  picture.  The  prints  cannot  be  washed  too  long, 
it  being  customary  in  photographic  establishments  to  leave  them  in 
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water  all  night;  but  for  drawiijtgs,  if  the  water  be  completely  changed 
eight  or  ten  times,  it  will  suffice.  In  any  case,  let  them  be  washed  as  long 
as  the  time  will  allow.  The  print  is  then  removed  and  pressed  between 
blotting  papers,  which  absorb  all  the  surface  moisture  and  make  the  print 
much  lighter.  It  is  now  carried  into  a  light  room,  free  from  dust,  sus- 
pended from  a  line  by  spring  clips,  and  left  until  Ary.  Care  mast  be 
taken  not  to  tear  the  paper,  and  thus  spoil  the  work.  When  drj^,  the 
print  is  removed  and  trimmed,  and  is  considered  finished.  The  pieces  of 
paper  and  trimmings  should  be  preserved,  as  they  contain  silver,  which 
may  be  extracted,  or  sold  to  dealers,  w  ho  give  nitrate  of  silver  in  return. 
I  have  described  this  process  at  some  length,  believing  it  the  best 
that  can  be  adopted.  It  has  numerous  advantages,  which  will  recom- 
mend themselves  to  all  having  much  copying  work  to  do.  It  is  true, 
first  cost  is  against  it,  but  the  results,  especially  for  large  work,  are  the 
best  that  can  be  obtained  from  any  of  the  processes.  We  will  now 
pass  on  to  other  methods. 

Irox. 

Next  in  importance  to  the  salts  of  silver,  come  thase  of  iron,  and 
their  reactions  furnish  us  with  numerous  methods  for  reproducing 
drawings.  The  compounds  of  iron  most  used  are  certain  double  salts, 
such  as  citrate  of  iron  and  ammonia,  oxalate  of  iron  and  potassium, 
tartrate  of  iroli  and  ammonium,  and,  of  the  single  salts,  the  oxalate 
and  per-chloride.  In  every  case  the  iron  must  be  in  the  ferric  state, 
otherwise  no  reduction  will  occur,  and  consequently  no  picture  will  be 
produced.  All  the  processes  depend  upon  the  reactions  of  ferro-  and 
ferri-cyanide  of  potassium  on  the  salts  of  iron,  as  already  explained. 
The  only  thing  we  have  to  consider,  then,  in  choosing  a  salt  for  a  sen- 
sitizer is,  which  one  will  be  the  most  sensitive  to  light,  and  can  be  procured 
cheapest.  There  are  two  processes  which  may  be  considered  as  typical, 
the  first  being  called 

Pellet's  PROCEas. 

This  was  invented  by  H.  Pellet,  of  Paris,  and  is  quite  recent.  It 
gives  a  blue  picture  on  a  white  ground,  the  operations  bemg  as  follo\^'s : 

The  best  quality  of  paper  must  be  used,  or  the  per-chloride  of  iron 
which  is  used  to  sensitize  it  will  soak  through,  making  verj-  ugly  spots 
on  the  back  when  developed.  If  the  paper  is  not  sufficiently  glazed, 
liquid  gum  or  gelatine  should  be  added  to  the  sensitizing  bath.  I 
obtained  the  best  results  in  my  experiments  by  using  albumenized  paper 
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such  as  is  used  in  portrait  photography.  The  paper  is  cut  to  suit  the 
drawing,  which  for  this  process  must  be  on  tracing  cloth,  and  is  then 
sensitized  by  floating  it,  as  before  described,  on  a  bath  composed  of 

Per-chloride  of  iron,        .  .  .  .10  parts. 

Water,  .  .  .  .  •  100      ^^ 

Citric  or  tartaric  acid,       .  .  .  .       5      " 

The  sensitizing  must  be  performed  in  a  dark  room  and  the  solution 
always  excluded  from  the  light.  The  paper  is  allowed  to  remain  on 
the  bath  for  thirty  seconds,  when  it  is  carefully  removed  and  hung  in 
a  warm  place  to  dry.  It  can  then  be  used  immediately  or  preserved 
unchanged  in  a  dark  place.  The  tracing  to  be  copied  is  placed  in  a 
printing  frame  together  with  a  sensitive  sheet  of  paper,  and  is  then 
taken  into  the  light.  In  sunlight,  from  fifteen  to  forty  seconds  will 
be  sufficient  to  reduce  all  the  iron  to  the  state  of  proto-chloride, 
except  such  parts  as  are  protected  by  the  black  lines  which  mil  still 
remain  in  the  ferric  state.  If  the  day  be  cloudy,  from  fifteen  to  twenty 
minutes  will  be  necessary  to  complete  the  reduction.  The  time  of  ex- 
posure can  be  determined  by  a  few  experiments,  as  it  will  varj-  con- 
siderably w^th  the  time  of  the  year,  the  light  being  twice  as  strong  in 
summer  as  in  mnter.  When  the  exposure  is  complete,  the  frame  is 
brought  back  into  the  dark  room  and  opened,  when  a  faint  image  w411 
be  observed  on  a  deep  orange-yellow  ground.  The  paper  is  now 
plunged  into  a  bath  containing 

Yellow  prussiate  of  potash  (K^FeCyg),     .  .     24  parts. 

Water, 100     ^^ 

When  a  blue  image  will  appear  on  a  white  or  blueish  ground,  if  the 
development  is  sufficiently  prolonged.  The  parts  protected  by  the 
black  lines  being  still  in  the  ferric  state  will  be  precipitated  by  the 
ferrocyanide  as  prussian  blue  [Fe4(FeCy6)3]  while  the  unprotected  parts, 
being  reduced  to  the  ferrous  state,  will  form  a  white  precipitate  which 
absorbs  oxygen  from  the  air  and  speedily  turns  blue  if  not  removed. 
If  the  exposure  has  been  too  short,  all  the  per-chloride  will  not  be 
reduced  and  blue  spots  will  appear  on  the  ground,  but  if  too  long,  the 
image  itself  will  be  somewhat  faint,  owing  to  a  partial  reduction  under 
the  lines,  and  will  require  an  exceedingly  long  development.  When 
the  image  is  sufficiently  developed,  the  print  is  removed  and  washed  in 
an  abundance  of  clean  water,  to  remove  the  white  precipitate,  after 
which  it  is  put  for  a  few  minutes  in  a  bath  of 
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Hydrochloric  acid,  .  .  .  .1  part. 

Water, 10     " 

-which  will  deepen  the  blue  picture  and  whiten  the  background.  After 
-washing  for  some  time,  the  print  can  be  dfied  and  are  then  finished.  This 
process  is  hardly  applicable  on  a  large  scale,  as  it  requires  such  care  and 
nicety  of  execution  to  attain  desirable  results,  that  it  conld  not  be 
trusted  to  any  but  experienced  hands.  If  the  paper,  after  exposure, 
Jiad  been  put  in  a  bath  of 

Red  prussiate  of  potash  (KgFegCyia)?        •  •     25  parts. 

Water,  .  .  .  .  .         100     " 

a  reversed  picture  would  have  been  obtained,  having  white  lines  on  a 
blue  groimd,  owing  to  the  fact  that  the  unprotected  parts  being  reduced 
to  the  ferrous  state,  would  be  precipitated  by  the  ferricyanide  as  Turn- 
bulPs  blue  (FegFegCyij),  while  the  protected  lines  would  remain 
unchanged,  so  that  when  washed  in  water  the  per-chloride  would  be  dis- 
solved, giving  white  lines  on  a  blue  ground  which  would  be  further  inten- 
sified by  the  acid  bath.  The  name  of  cynotype  was  given  to  the  latter  pro- 
cess by  its  discoverer.  Sir  John  Herschel.  He  also  developed,  on  a 
dilute  neutral  solution  of  gold,  tri-chloride  getting  a  purple  picture  to 
iv'hich  he  gave  the  name  of  chrysotype.  Any  other  per-salt  of  iron 
•could  be  used  as  a  sensitizer  and  developed  on  the  ferrocyanide  bath 
^vith  the  same  result. 

Blue  Process. 

The  process  which  is  most  used  in  America,  and  which  has  been 
largely  adopted  by  our  manufacturers,  is  known  as  the  blue  process. 
The  drawings  are  reproduced  in  white  lines  on  a  blue  ground,  and  I 
auiderstand  the  paper  is  sold  in  the  market  already  sensitized, 
although  it  can  be  prepared  cheaper  and  just  as  well  as  the  bought 
^article.  Almost  any  heavy  well-glazed  printing  paper  will  answer  the 
purpose,  but,  as  this  is  the  only  expense,  a  good  quality  should  be  used. 
The  sensitizing  bath  consists  of 

•a.      Citrate  of  iron  and  ammonia,  .  .  .1  part. 

Clearwater,      .  .  .  .  .  4     " 

i.      Red  prussiate  of  potash,      .  .  .  .     1     " 

Water,  .  .  .  .  .  6     " 

The  two  solutions  are  dissolved  separately,  and  preferably  at  the 
ordinary  temperature ;  when  in  complete  solution  they  are  mixed,  and 
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kept  in  a  yellow  bottle,  or  carefully  excluded  from  the  light,  which 
would  cause  a  blue  precipitate.  If  the  paper  is  not  sufficiently  sized, 
gum  or  gelatine  should  be  added  to  give  it  body  and  prevent  the  liquid 
from  soaking  through.  The  sensitizing  is  performed  as  follows,  in  non- 
actinic  light :  The  sheet  of  paper,  cut  to  the  required  size,  is  pinned 
to  a  clean  board ;  some  of  the  solution  is  poured  into  a  vessel,  and 
the  paper  painted  with  it  by  means  of  a  soft  camel's  hair  brush  three 
inches  wide.  The  brush  is  dipped  into  the  solution  and  the  paper 
completely  moistened  in  one  direction ;  then,  without  removing  the 
liquid,  it  is  smoothed  until  no  streaks  or  lines  appear.  Some  prefer  to 
use  a  sponge,  but  this  caases  uneven  spots,  and  mars  the  beauty  of  the 
picture.  In  this  way  a  very  little  solution  will  cover  quite  a  large  sur- 
face. Before  putting  the  brush  away  it  must  be  carefully  cleaned. 
The  paper  is  unpinned,  hung  upon  a  line,  and  when  dry  will  keep  a 
long  time  in  the  dark.  It  should  be  a  brass-yellow  color  when  rightly 
prepared.  To  make  a  copy,  the  dramng,  on  tracing  cloth,  is  put  into 
the  printing  frame,  as  usual,  with  a  sensitive  sheet,  and  exposed  to  sun 
light  for  six  to  ten  minutes,  or  to  diffiised  light  for  one  to  two  hours. 
The  double  salt  is  reduced  to  the  ferrous  state  where  the  light  strikes  it 
and  immediately  combines  with  the  red  prussiate  present,  to  form 
TumbuU's  blue,  while  the  protected  parts  remain  unchanged.  The 
exposure  should  be  continued,  until,  on  opening  the  frame,  the  white 
lines  have  almost  disappeared  and  the  back  ground  is  grayish-green. 
The  sheet  may  also  be  expased  on  a  board  padded  with  flannel,  over 
which  is  placed  a  sheet  of  plate  glass,  but  this  requires  to  be  always 
horizontal,  and  needs  more  apparatus  than  it  would  cost  to  get  a  regular 
frame.  When  expasure  is  finished  the  print  is  removed,  and  put  im- 
mediately into  a  tank  of  running  water,  when  the  lines  will  become 
white  (unless  over-exposed  or  not  in  contact),  while  the  ground  becomes 
dark  blue.  After  sufficient  washing,  the  ground  can  be  improved  by 
transferring  to  a  bath  of 

Hydrochloric  acid,  .  .  .  .5  parts. 

Water,  .  .  .  .  .         100     " 

when  it  must  be  again  thoroughly  washed,  and  then  dried.  The  color 
always  darkens  on  drying,  and  prints  that  would  otherwise  be  under- 
exposed have  very  beautiful  light  blue  ground. 

This  process  has  become  the  favorite  one,  owing  to  its  great  simpli- 
city, and  the  ease  with  which  any  one  can  work  it ;  the  objections  to  it 
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are":  the  length  of  exposure,  especially  on  cloudy  days,  and  the  impos- 
sibility of  copying  drawings  from  ^ything  but  tracing  cloth  or  paper. 
In  very  large  sheets  the  fine  lines  are  apt  to  be  reduced,  thus  making 
the  picture  somewhat  uncertain  in  parts.  If,  instead  of  mixing  the 
solutions,  the  paper  had  been  sensitized  with  the  citrate  bath  and  then 
exposed,  the  reduction  would  have  been  very  rapid  (fifteen  or  thirty 
seconds),  as  this  is  the  most  sensitive  salt  of  iron.  The  picture  could 
then  be  developed  in  the  ferricyanide  bath,  and  finished  as  described  ; 
but  in  this  case  it  is  better  to  sacrifice  sensitiveness  to  convenience. 
The  other  double  salts  could  be  used  to  replace  the  citrate,  but  they 
require  a  longer  exposure. 

Uranium. 

The  salts  of  uranium  are  affected  similarly  to  those  of  iron,  but  they 
offer  no  advantages  over  the  iron  salts,  and  are  besides  very  expensive. 
Those  who  desire  to  try  them  may  use  the  following  formulas. 

A  good  quality  of  paper  must  be  taken  and  sensitized  by  floating  for 
six  or  eight  minutes  on  a  solution  of 

Uranic  nitrate,        .  .  .  .  .1  ^mrt. 

Dist.  water,       .  .  .  .  .         60     " 

When  dry  the  paper  is  exposed  under  a  drawing  for  ten  or  fifteen 
minutes,  and  is  then  removed  and  developed  by  floating  on 

Ferricyanide  of  potassium,  .  .  .1  part. 

Water,  .  .  .  .  .       250     " 

Nitric  acid,  .  .  .  .  .2  drops. 

In  about  five  minutes  a  brown  picture  will  appear,  which  is  fixed  by 
washing  in  slightly  acidulated  water. 

To  produce  a  gray  picture  the  print  is  floated  on  a  bath  of 

Silver  nitrate,        .  .  .  .  .       1  part. 

Water,  .  .  .  .  .  20     ^^ 

Acetic  acid,  .  .  .  .  .a  trace. 

The  development  is  very  rapid  in  this  solution,  being  complete  in 
thirty  seconds,  after  which  it  must  be  taken  out  and  thoroughly  washed 
in  clean  water.  Red,  green  or  violet  pictures  may  also  be  produced, 
by  developing  on  ferrocyanide  of  potassium,  perchloride  of  iron,  or 
<?hloride  of  gold. 
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Chromium. 
The  fourth  and  last  salts  are  thdfee  of  chromium,  only  two  of  which 
are  commonly  used,  namely,  the  bi-chromates  of  potassium  and  am- 
monium. These  form  the  basis  for  a  number  of  valuable  processes^ 
one  of  which  is  at  present  attracting  much  attention  in  Germany^ 
where  it  has  been  carried  to  a  high  state  of  perfection  in  the  reproduc- 
tion of  drawings  and  fine  engravings.     It  is  called  the 

Aniline  Process. 
This  was  invented  by  Mr.  Willis  in  1864.  It  depends  on  the  fact 
that  when  potassium  bi-chromate,  in  the  presence  of  organic  matter,  is 
exposed  to  the  action  of  light,  free  chromic  acid  is  formed  and  the  pro- 
tected parts,  which  still  remain  as  bichromate,  form  aniline  colors 
when  exposed  to  the  vapors  of  aniline  salts.  The  process,  in  detail^ 
consists  of  the  following  operations: 

(1)  Sensitizing  the  paper. 

(2)  Exposing. 

(3)  Fuming. 

(4)  Washing. 

(1)  Sensitizing. 

The  best  Saxe  paper  must  be  used,  as  no  other  will  give  satisfactory 
results.     The  sensitizing  solution  consists  of 

Potassium  bi-chromate,       .  .  .  .1  part. 

Phosphoric  acid,  sp.  gr.  1*124,  .  8  to  10     " 

Distilled  water,      .  .  .  .      10  "  12     " 

The  paper,  after  being  cut  and  the  finest  side  selected  for  use,  is  pinned 
to  a  clean,  flat  board.  Some  of  the  solution  is  poured  into  a  dish  and 
the  paper  is  seasitized  by  means  of  a  stiff  brush,  about  one  inch  wide^^ 
which  is  dipped  into  the  liquid  and  then  painted  on  the  paper,  first 
lengthwise  and  afterwards  across,  without  renewing  the  liquid  on  the 
brush.  Finally,  a  soft  camel's-hair  brush,  about  three  inches  wide,  is 
used  to  remove  all  superfluous  liquid,  and  smooth  out  any  streaks  left 
by  the  first  brushing.  The  solution  may  also  be  applied  with  a  soft 
sponge,  but  the  first  method  is  preferable  as  the  fingers  are  not  then 
brought  into  contact  with  the  bi-chromate  which  is  a  violent  poison^ 
The  sheet  is  now  hung  up  and  allowed  to  dry  slowly,  it  being  complete 
in  from  fifteen  to  twenty  minutes.  The  operation  should  be  performed 
in  a  dark  room  lighted  with  a  lamp  having  a  yellow  chimney.     Ordi- 
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nary  yellow  light  is  not  sufficiently  non-actinic,  owing  to  the  extreme 
sensitiveness  of  the  paper,  which  is  easily  affected  by  the  least  light. 
When  dry,  it  may  be  preserved  for  some  time  unaltered  in  the  dark. 
The  brushes  should  be  thoroughly  washed  each  time  they  are  used, 
and  carefully  protected  from  dirt. 

(2)  Exposing. 
The  prepared  paper  is  now  placed  in  the  printing  frame,  under  the 
tracing,  covered  with  a  black  cloth  and  carried  into  the  sunlight.  The 
length  of  exposure  will  vary  with  the  time  of  the  year ;  in  summer, 
being  about  twenty  seconds,  and  in  winter,  forty  seconds.  The  surest 
method  is  to  use  Vogel's  photometer  and  carry  the  exposm'e  to  sixteen 
degrees,  but  as  this  cannot  always  be  obtained,  experiments  may  be 
made  to  determine  it.  This  is  the  most  important  part  of  the  whole 
process,  because  undue  exposure  will  not  reduce  the  bi-chromate  suf- 
ficiently, and  over  exposure  renders  the  paper  less  liable  to  form  aniline 
colors.  When  the  paper  is  rightly  prepared,  it  should  be  a  light  yel- 
low color  and  after  exposure,  on  opening  the  frame,  a  faint  yellow 
picture  will  be  observed  on  a  greenish  ground. 

(3)  Fuming. 

When  the  exposure  is  judged  sufficient,  the  cloth  is  replaced  and  the 
frame  carried  back  into  the  dark-room,  where  it  is  opened,  the  picture 
removed,  and  pinned  to  the  lid  of  a  fuming  box.  The  box  is  provided 
with  a  sheet  of  glass,  on  which  is  blotting  paper  soaked  with  a  solution  of 

Aniline  oil,  .  .  .  .  .1  part. 

Benzine,  .  .  .  .  .  10     " 

and  w^hich  can  be  lowered  or  raised  at  pleasure  by  means  of  cross  pieces 
of  wood  at  different  heights.  It  is  allowed  to  remain  thirty  minutes, 
when  the  picture,  if  rightly  exposed,  wall  be  sufficiently  developed  and 
will  show  a  dark  brown  or  purple  picture  on  a  gray  ground.  If  the 
image  is  rather  faint,  it  should  be  fumed  longer. 

(4)    Washing, 

On  taking  out  the  print,  it  must  be  washed  for  some  time  in  at  least 
four  changes  of  water,  when  the  colors  will  be  fast,  and,  after  drying, 
tlie  picture  is  finished.  Great  care  must  be  taken  not  to  handle  the 
sensitive  paper  any  more  than  is  absolutely  necessary,  and  then  only 
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with  perfectly  clean  hands ;  also  to  perform  all  the  ojjerations  in  aUso- 
lutely  non-actinic  light. 

In  review,  we  conclude  that,  in  point  of  cheapness,  the  blue  process 
ha.*<  the  preference ;  but,  for  certainty  of  results  and  general  reliability, 
under  all  conditions,  the  silver  process  is  the  best.  I  should,  there- 
fore, recommend  it  in  all  cases  where  first  cost  will  not  be  a  consideration 
compared  to  convenience  and  saving  of  time. 

Jan.  2,  1879. 

ADDENDA  TO  A  PAPER*— "COAL  GAS  ENGINEERING.^ 


The  following  summary  of  the  relations  of  constituents  of  coal  gas 
may  prove  useful  for  reference  in  many  instances : 

Table  of  percentages^  by  weighty  of  the  Constituents  of  Coal  Ga^s. 


Hydrogen,  =    7-3171 

Marsh  gas,  =  47-2861 

defiant  gas,       =  18-4407 
Carbonic  oxide,  =  13-6331 
Carbonic  acid,    =    7-1620 
4N-|-0Air,  =    4-6995 

H/)      Vapor  of  water,  =    1-4615 


H 

CH4 

C,H, 

CO 

CO, 


H,  C, 

Hydrogen.    Carbon, 
=  7-3171 


O, 


N, 


Oxygen.   Nitrogen. 


=11-8215 
=  3-0734 


=  0-1624 


=35-4646 
=15-3673 

=  5-8428 
=  1-9533 


=  7-7903 
=  5-2087 
=  10443 
=  1-2991 


=3-6552 


Coal  gas, 


=100. 


=22-3744    =58-6280    =15-3424    =3-6552 


Table  of  iceight  of  Constituents  of  100  cubic  feet  of  Coal  Gas  in 
pounds  and  decimals. 


H, 

c, 

0, 

N, 

Hydroger 

I.    Carbon. 

Oxygen. 

Nitrogen. 

H 

Hydrogen, 

=0-23340 

=0-23340 

CH, 

Marsh  gas. 

=1-50835 

=0-37709 

=1-13126 

• 

C,H, 

Olefiant  gas. 

=0-58823 

=0-08403 

=0-50420 

- 

CO 

Carbonic  oxide, 

=0-48488 

=0-18638 

=9-24850 

CO2 

Carbonic  acid. 

=0-22846 

=0-06231 

=0-16615 

4N-I-0 

Air, 

=0-14995 

=0-03332 

=0-11663 

Hj,0 

Vapor  of  water. 
Coal  gas, 

=0-04662 

=X>-00518 

=0-04144 

=3-18989 

==0-69970 

=1-88415 

=0-48941 

=0-11663 

The  table  at  the  end  of  article  on  Coal  Gas  Engineering,  in  the 
June  number  of  the  Journal  of  last  year,  should  be  corrected  to 
obviate  the  errors  in  setting  up : 

*  Journal  of  the  Fbanklin  Institute  for  April,  1878,  bv  Robt.  Briggs,  C.  E. 
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Table  of  Rdaiwe  Value  of  standards  used  in  Photometric 

Measurement, 

Ratios  of  weight 
Total  of  material 

weight,     consumed  to  give 
One  standard  gas  burner,  per  hour,  lbs.  equal  light. 

*^iial«  /  ^  ^"-  ^^-  ^^^^  S^'  ^^  English  quality  )      ^.,  rrnr  t  .,^) 

equals  |  =q,^^  gpec.  grav.=0-0319  lbs.  at  70°  /     "  ^^^^  ^  ^^ 

x^»oi^  J  15  standard  candles,  each  burning)     a.*>«-i  laqi 

^"^^«  i  120  grains  spermeceti  =  O-09259  lbs  ]     ^  ^^*^  ^  ^^^ 

— -  =  1*5625  carcel  lamps,  each  burn- 
equals  \  9*6  ^'  I     0-1447  0'9()S 
ing  42  grams=0-09259  lbs.  colza  oil                    # 


A  NEW  CALORIMETER. 

By   W.   L.   Hooper,    A.M. 

There  seem  to  me  several  objectionable  points  in  the  construction  of 
the  orclinarj'  calorimeter  :  First,  although  the  surfaces  of  the  instru- 
ment are  very  poor  radiators,  the  material  of  the  walls  is  generally  an 
excellent  conductor;  secondly,  the  air-space  between  the  walls  is 
entirely  open  so  that  much  heat  must  be  carried  off  by  convection  cur- 
rents in  the  air.  I  have  accordingly  constructed  an  instrument  in 
which  both  imperfections  seem  to  be  remedied.  It  consists  of  two 
ordinar\'  glass  beakers,  one  of  which  is  placed  inside  of  the  other, 
sup[i<jrted  by  a  rim  of  bright  tin.  Upon  the  outside  of  the  inner 
beaker,  and  upon  the  inside  of  the  outer,  about  four-fifths  of  the  height 
from  the  bottom,  a  film  of  metallic  silver  is  depa«<ited  by  the  ordinary 
process  of  silvering  gla.ss  specula.  It  was  hoped  that  this  confined 
air-space,  enclosed  on  every  side  by  the  very  worst  of  radiators  and 
absorbers,  themselves  non-conductors,  would  furnish  an  excellent  barrier 
against  the  escape  of  heat  from  the  liquid  in  the  instrument.  How  far 
this  hope  was  realized  may  be  seen  fjrom  the  table  below,  in  which  the 
ordinary  metallic  calorimeter  and  n)y  instrument  are  compared.  The 
two  instruments  were  placed  side  by  side  in  a  room  free  from  draughts, 
and  into  each  wa.s  poured  500  cc.  of  boiling  water.  The  readings  of  a 
thermometer  placed  in  each  were  then  taken,  the  thermometer  in  my 
instrument  being  read  just  ten  seconds  before  the  other  : 
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X 

ew  Calorimeter. 

Old  Calorimeter. 

Time. 

Time. 

h.    m. 

sec. 

Temp.  ° 

h.  m. 

Temp.  " 

3     2 

50 

93-4 

3     3 

93 

3     5 

50 

88-7 

3     6 

85 

3     7 

50 

86 

3     8 

81-3 

3     9 

50 

83-5 

3  10 

78 

3  11 

50 

8M 

3  12 

75 

3  13 

50 

79 

3  14 

72-5 

3  15 

50 

77 

3  16 

70 

3  17 

50    * 

75-1 

3  18 

68 

3  19 

50 

73-1 

3  20 

66 

3  24 

50 

69-2 

3  25 

61-8 

3  34 

60 

64 

3  35 

55-4 

3  54 

60 

55-3 

3  55 

46-7 

4     9 

50 

50-2 

4  10 

43 

It  cannot  be  necessaty  to  study  the  table  ven'  closely  to  observe  the 
superiority  of  my  instrument  as  a  non-radiator.  During  the  first 
three  minutes,  the  water  in  the  metallic  calorimeter  fell  eight  degrees 
in  temperature ;  in  the  same  time,  the  temperature  in  my  calorimeter 
fell  less  than  five  degrees.  Glancing  down  the  colmnns,  we  find  that 
while  my  instrument  was  parting  Avith  thirt\'  degrees  of  heat,  the  tem- 
perature in  the  other  had  fallen  nearly  fort>^  degrees. 

While  the  new  instrument  has  the  disadvantage  of  being  easily 
broken,  it  has  the  compensating  advantage  of  being  very  easily  made^ 
whenever  access  may  be  had  to  a  chemical  or  physical  laboratory'. 

Blomnfield  School,  Harvard,  Mass.,  Dec.  24, 1878. 


Larg^e  Frost-Crystals. — At  the  meteorological  observatory  on  the 
siunmit  of  the  Puy-de-Dome,  great  difficulties  are  ofted  experienced 
from  the  heavy  deposits  of  hoar-frost.  The  telegraph  wires  often 
receive  a  coating  of  more  than  20  cm.  (7*87  inches)  in  thickness ;  the 
lightning  rods  have  a  much  thicker  covering,  and  on  the  windward 
side  of  the  building  ice-cr^'stals  sometimes  form  85  cm.  (33'47  inches) 
in  length  with  their  points  toward  the  wind.  Various  plans  have  been 
tried  to  get  rid  of  the  inconvenience,  but  without  success. — La  Nature^ 

C. 
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Chemical  Constitution  of  Wool. — P.  SchUtzenberger  has  pub- 
lished analyses  of  varioas  samples  of  wool,  from  which  he  deduces  the 
chemical  formula  CggoHggiNyoOTySg. — Comptes  Rendus,  C. 

Temperature  of  the  Sun. — F.  Rosetti  has  published  the  results 
of  an  extensive  series  of  investigations,  from  which  he  estimates  the 
temperature  of  the  sun  at  between  12,000°  and  20,000°  (21,632  and 
36,032°F.).— //  Nuovo  dm.  C. 

Metallic  Packing^S. — J.  Strieder,  of  Elberfeld,  ases  tubes  of  lead 
or  some  soft  metallic  alloy,  filled  with  hemp,  cotton  or  some  other  suit- 
able vegetable  material.  These  tubes  can  be  prepared  of  great  length 
and  cut  to  fit  any  given  requirement.  The  ends  may  be  either  soldered 
together  or  forced  into  close  contact.  The  convenience,  durability  and 
cheapness  of  this  packing  are  especial  recommendations. — Dingkr\s' 
PoL  Jour.  C. 

Pyrometers. — F.  Fischer  publi  hes  the  results  of  some  compar- 
isons of  his  small  calorimeter  with  Steinle  and  Hartung's  graphite- 
pyrometer,  Siemens'  electric  pyrometer  and  Geissler's  normal  quick- 
silver thermometer.  The  instruments  all  agreed  satisfactorily  for  tem- 
peratures below  450°  (842°F.).  Above  that  point  Siemens  and  Fischer 
agreed,  but  the  graphite  indications  wei'e  higher.  When  Siemens^ 
marked  623°  (1153°F.)  the  graphite  gave  755°  (1391°F.).  The 
graphite,  however,  was  more  sensitive  than  the  electric  pyrometer. — 
Dingler*s  Jmimal,  C. 

Excavations  and  Foundations  in  Sand. — M.  Plocq  has  pub- 
lished an  interesting  note  upon  the^  recent  harbor  improvements  at 
Dunkerque  and  Gravelines.  There  are  ten  sluices  for  controlling  the 
fresh  and  salt  waters  of  the  districts,  for  various  purposes  of  maritime 
and  domestic  economy,  as  well  as  for  the  wants  of  the  military  service 
and  for  defensive  operations  in  time  of  war.  The  sluices  are  built  in 
a  soil  which  is  wholly  made  up  of  a  pure  sand,  of  flour-like  fineness,, 
reaching  to  a  depth  of  15  or  20  metres  (16-4  to  21*9  yds.)  below  the 
lowest  tidal  levels.  The  works  were  all  executed  by  the  help  of  coffer 
dams,  in  preference  to  dredging,  and  the  preparations  were  so  thorough 
that  it  was  always  easy  to  work  in  dty  sand  even  at  the  lowest  foun- 
dation levels.  The  total  cost  was  less  than  half  what  it  would  have 
been  by  the  old  method  of  dredging,  and  the  saving  of  time  was  in 
about  the  same  ratio. — Ann,  des  Fonts  et  Chaicss.  C. 
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New  Electric  Phenomenon. — About  ten  years  ago,  Govi  found 
that  the  interior  volume  of  a  Leyden  jar  seemed  to  expand  during  a 
charge,  and  he  attributed  the  phenomenon  to  a  contraction  of  the  liquid 
which  it  contained.  Duter  has  now  shown  that  the  effect  is  due  to  a 
temporary  expansion  of  the  dielectric  envelope. — Comptes  Bendvs.    C. 

New  Mode  of  Cementing  Metal  to  Glass. — Mix  two  parts  of 
finely  powdered  litharge  and  one  part  of  fine  white  lead ;  mix  three 
parts  of  boiled  linseed  oil  with  one  part  of  copal  varnish ;  stir  the 
powder  into  the  liquid  until  it  has  the  consistency  of  a  stiff  dough. 
Spread  the  cement  on  the  metal,  press  it  against  the  glass,  and  scrape 
off  the  surplus.  It  dries  quickly  and  is  remarkably  tenacious. — 
ForUchr,  det'  Zeit,  C. 

Spartan  Soups. — Most  persons  have  heard  of  the  black  broth, 
in  which  the  Lacedemonians  dipped  their  bread,  and  which  they  pre- 
ferred to  the  most  savory  dishes.  Meursius  thinks  that  it  was  the  water 
in  which  pork  had  been  boiled,  with  the  addition  of  vinegar  and  salt, 
the  only  seasonings  which  they  employed.  Ricard  thinks  it  was  a  soup, 
and  says  that  they  made  another  kind  with  eels,  which  they  called 
white  soup, — La  Nature,  .  '  C. 

Greenland  Native  Iron. — Prof.  J.  Lawrence  Smith  has  pre- 
sented a  memoir  to  the  French  Academy  upon  the  remarkable  deposits 
of  native  iron  in  the  basaltic  beds  of  Greenland.  After  long  study, 
he  concludes  that  the  iron  is  of  terrestrial  origin ;  that  it  is  often 
so  closely  joined  to  the  basalt  that  feldspathic  and  other  crystals  pen- 
etrate the  iron,  and  that  the  iron  is  probably  a  secondary  product 
formed  by  the  decomposing  action  of  lignite  beds  and  other  organic 
matters,  which  have,  been  pierced  by  the  immense  basaltic  dykes. — 
Comptes  Rendus.      .  C. 

Giffard's  Success. — Giffard  made  1000  captive  ascensions,  on  72 
days,  taking  3,500  passengers,  without  the  least  accident,  receiving 
839,555  francs,  distributing  35,000  commemorative  medals  at  a  cost 
of  44,000  francs,  burning  150,000  kilogrammes  (147-63  long  tons) 
•of  coal  under  the  boilers.  He  has  solved  some  problems  of  great 
importance :  the  preservation  of  hydrogen  for  a  long  period  in  an 
inpermeable  tissue,  the  preparation  of  that  gas  on  an  enormous  scale, 
the  ne^v  construction  of  all  the  parts  of  a  balloon  on  a  plan  which 
prepares  the  way  for  building  true  aerial  ships. — G,  Tissandier.    C 
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Earth  Ventilation. — Fischer  and  Stiehl  propose  to  draw  air  for 
ventilation  through  a  system  of  tubes  buried  about  3  metres  (9*84  ft.) 
in  the  ground.  By  this  means  the  air  would  be  warmed  8  or  9  degrees 
(14-4°  or  16-2°F.)  in  winter  and  cooled  12  or  13°  (26.6°  or  23-4°F.) 
in  summer. — Dingler^s  Journal.  C. 

Nitrous  Oxide  Under  Pressure. — P.  Bert  finds  that  by  placing 
a  patient  in  an  apparatus  where  the  pressure  can  be  increased  to  two 
atmospheres^  nitrous  oxide  can  be  administered  so  as  to  produce  con- 
tinued ansesthesiSy  while  the  blood  receives  its  normal  supply  of  oxygen 
and  the  normal  conditions  of  respiration  are  maintained.  From  var- 
ious experiments  on  animals,  he  thinks  that  gas  administered  in  tliis^ 
way  will  be  harmless,  however  much  the  insensibility  may  be  pro- 
longed.— Comptes  Rendus,  C. 

Trial  of  a  Corliss  Engine. — A  commission  for  experimenting 
with  an  Alsatian-built  Corliss  engine,  has  made  a  report  in  which  it 
concludes:  (1)  That  in  order  to  secure  the  best  results,  the  engine 
should  be  worked  to  its  maximum  capacity.  (2)  The  economy  of  the 
steam-jacket  increases  as  the  load  diminishes.  (3)  The  clearing  of  the 
jacket  should  be  thorough,  but  without  wasting  steam,  (4)  The  warm- 
ing of  the  piston  is  sometimes  economical,  but  the  saving,  in  ordinary 
cases,  is  not  sufficient  to  pay  for  the  necessary  complication  of  machinery^ 
— Bull,  de  la  Soc.  Ind,  C. 

Saint-Oothard  Tunnel. — The  small  bronze  turbines,  which  make 
155  million  turns  per  annum,  after  four  or  five  years'  service,  require 
but  slight  repairs.  Turbines  of  iron  and  steel,  under  the  same  pressure^ 
do  not  last  over  a  year.  The  16  air-compressors  supply  air  enough  ^ 
under  a  preasure  of  8  atmospheres,  to  supply  18  to  20  drills  and  to 
ventilate  thoroughly  all  the  tunnel,  of  which  about  8  miles  has  already 
been  bored.  On  each  side  there  are,  night  and  day,  many  hundreds 
of  workmen,  as  many  lamps,  and  about  600  pounds  of  dynamite  are 
used  daily.  The  financial  difficulties  of  the  company  are  connected 
with  other  portions  of  the  line.  The  works  of  the  tunnel  have  not 
been  interrupted  a  single  day  for  six  years,  and  the  original  estimates 
will  probably  not  be  exceeded,  although  many  unforeseen  obstacles 
have  been  encountered.  The  tunnel  will  probably  be  finished  within 
eight  years  from  its  commencement.  The  stipulated  time  was  nine 
years. — Comptes  Rendus.  C 
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Vesuvian  Railways. — Concessions  have  been  granted  to  two 
rival  companies  for  constructing  railways  to  the  summit  of  Vesuvius, 
und  it  is  expected  that  both  routes  will  be  rapidly  pushed  to  comple- 
tion. In  many  places  the  sleepers  will  be  supported  by  columns. — 
Les  Jlondes.  C. 

Indication  of  Water  Level  in  Reservoirs. — M.  Decondon, 
Engineer,  Paris,  has  constructed  a  very  ingenious  apparatus  for  indi- 
•cating,  at  any  distance,  the  level  of  water  in  a  reservoir.  He  places  a 
bell-shaped  casting,  mouth  downwards,  in  the  reservoir,  resting  on  the 
bottom  and  partially  filled  with  air.  At  the  top  a  tube  leads  to  any  con- 
venient place,  where  it  is  connected  with  a  manometer  which  is  constructed 
similar  to  the  aneroid  barometer  and  which  is  so  sensitive  that  it  indi- 
<?ates  the  slightest  diiference  between  the  water  level  in  the  bell  and  in  the 
reservoir,  owing  to  the  pressure  of  the  enclosed  air,  which  will  support 
:a  column  of  water  equal  to  this  diiference.  As  the  apparatus  acts  inde- 
pendently of  the  atmospheric  pressure,  there  will  be  a  slight  error, 
^qual  to  the  height  of  the  water  column  in  the  bell.  But  this  may  be 
greatly  reduced  by  making  the  latter  very  large  and  flat.—  TfbcAen- 
schrifi  OesL  Ing.  and  ArchH  Vereins,  P. 

New  Plan  for  Filling  Gas  Meters. — The  chemical  laboratories 
\)f  Jacobsohn  and  Brunje,  at  Leopold's  Hall,  near  Stassfurt,  Germany, 
have  introduced  a  new  fluid  for  filling  wet  gas  meters,  composed 
mainly  of  a  solution  of  chloride  of  magnesium.  The  meter  of  the 
Eoyal  Polytechnic  Institute,  at  Hanover,  was  filled,  Dec.  8th,  1877, 
with  142  litres  of  the  same,  of  a  spec.  gr.  of  1*201.  By  the  15th  the 
<iontents  had  increased  by  1*5  litres  and  the  spec.  gr.  was  1*190.  Ex- 
amination at  different  dates  showed  that : 

,  gr.  was  .  1*181 

"        .  .      1*182 

"  .  1*179 

.      1*178 

1*174 

On  July  15th,  1878,  the  meter  was  opened  and  the  solution  analyzed. 
No  trace  of  a  foreign  material  (iron  or  tin)  was  found,  but  it  contained 
in  100  cubic  centimeters  0*0214  grammes  of  NH3  (ammonia)  abstracted 
from  the  passing  gas.  A  portion  of  the  solution  was  cooled  to  10° 
without  freezing.  During  the  whole  time  no  replenishing  had  been 
necessary. — Journal  fur  Gasbeleuchtung,  etc.  P. 
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Franklin   Institute, 


Hall  OF  the  Institute,  Jan.  15th,  1879. 

The  stated  meeting  was  held  at  8'clock  P.  M.,  the  President,  Dr.  R. 
E.  Rogers,  in  the  chair. 

There  were  present  174  members  and  63  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  last  meeting  18  persons  were  elected  members  of 
the  Institute,  and  reported  also  the  following  donations  to  the  Librarj'. 

Annual  Report  of  the  Hartford  Steam  Boiler  Inspection  and 
Insurance  Company,  Dec.  31,  1877.     Hartford,  1878. 

From  the  Company. 

Annual  Report  of  the  Secretary  of  the  Interior  for  year  ending  June 
30,  1878.     Washington,  1878.  From  the  Secretary'. 

Annual  Report  of  the  Treasurer  of  the  United  States  tt)  Secretary 
of  Treasury  for  year  ending  June  30, 1878.         From  the  Secretary. 

Electric  Constitution  of  our  Solar  System.  By  Jacob  Ennis. 
Philadelphia,  1878. 

Elements  of  Sidereal  Astronomy.     By  Jacob  Ennis.    Philadelphia, 

1878. 

Physical  and  Mathematical  Principles  of  the  Nebular  Theory.  By 
Jacob  Ennis.     London,  1878. 

Origin  of  Power  which  causes  Stellar  Radiations.  By  Jacob  Ennis. 
London,  1878.  From  the  Author. 

Fifty-eighth  Annual  Report  of  the  Managers  of  the  Apprentices 
Library  Company.     Philadelphia,  1878.  Froni  the  Company. 

Proceedings  of  the  Tenth  and  Eleventh  Annual  Conventions  of  the 
American  Master  Mechanics'  Association,  Cincinnati,  1877  and  1878. 

From  the  Association. 

Quarterly  Weather  Report  of  the  Meteorological  Office.  Part  3. 
July — September,  1875.     London,  1878. 

From  the  Meteorological  Office. 

Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers. 
Tols.  53  and  54.     London,  1878.  From  the  Institution. 

Third  Annual  Report  of  the  Water  Commissioners  of  the  City  of 
Lowell,  1873. 

The  President  then  presented  and  read  the  following 
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Annual  Report  of  the  Board  of  Managers. 

Your  Board  of  Managers  respectfully  submits  the  following  Re- 
port for  the  year  1878  : 

Members, — During  the  year  98  persons  were  elected  members  of  the 
Institute,  and  53  have  resigned  membership. 

By  death  the  Institute  has  lost  four  estimable  life  members,  namely, 
Mr.  Wm.  Welsh,  Mr.  Bloomfield  H.  Moore,  Mr.  Thos.  H.  Powers 
and  Mr.  L.  A.  Godey. 

Treasurer's  Report — The  Treasurer's  Report,  which  will  be  pre- 
sented to  the  Institute  this  evening,  exhibits  the  following  summar}' : 

Receipts, 

Balance  on  hand  Jan.  1st,  1878,     ....  $1,809.48 
Railway  Equipment  Bonds  paid  off,     .  .     $3,000.00 

Bloomfield  Moore  Fund  held  in  trust  for  the 

improvement  of  the  Library,      .  .  10,000.00 

13,000.00 

Receipts  from  ordinary  sources  of  income,  . .  .     9,710.11 

$24,519.59 

PayvierUs, 

Bloomfield  Moore  Fund  deposited,  .  .  .  $10,000.00 

Pavments  for  ordinary  expenses,  .  .  .  11,501.42 

Balance  in  hand  Dec.  31,  1878,    ....       3,018.17 


It  will  thus  be  seen  that  the 


$24,519.59 


Ordinary  expenses  were,    .....  $11,501.42 
"         receipts,       .....  9,710.11 


Exhibiting  a  deficiency  of  .  .  .  $  1,791.31 

which  was  occasioned  by  the  continued  defalcation  in  payment  of  the 
Bonds  of  the  City  of  Pittsburg,  and  by  other  manifestations  of  the 
hardness  of  the  times. 

The  Journal  of  the  Institute  has  been  issued  regularly  during  the 
past  year,  under  the  direction  of  the  Committee  on  Publication,  ^Wth 
tlie  assistance  of  the  Secretary — an  arrangement  entered  into  in  the 
eirly  part  of  1877,  and  which  has  proved  very  satisfactory. 

The  large  number  of  articles  containing  the  results  of  original  work, 
by  able  investigators,  which  have  appeared  in  its  pages  during  the  i>ast 
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year,  have  fully  sust£|,med  it8  rank  among  the  leading  technological 
journals,  as  is  evidenced  by  the  amount  of  matter  reprinted  from  it, 
both  in  home  and  foreign  journals. 

The  deficit  in  its  accounts  for  the  past  year  was  reduced  to  a  compa- 
ratively small  sum,  and  it  is  confidently  hoped  that  with  the  continued 
assistance  of  its  valued  contributors,  and  the  increased  support  of  mem- 
bers and  friends  of  the  Institute,  which  will  come  with  the  revival  of 
the  industrial  interest  of  the  country,  the  Journal,  will  be  entirely  self- 
supporting. 

Drawing  School. — At  the  close  of  the  spring  term  of  the  Drawing 
School,  Prof.  L.  M.  Haupt  found  himself  compelled,  by  pressure  of 
other  duties,  to  resign  its  charge,  greatly  to  the  regret  of  the  Board. 

The  school  was  reorganized,  however,  in  the  autumn  by  Mr.  Philip 
Pistor,  M.  E.,  and  there  was  instituted  a  regular  course  of  instruction, 
extending  over  two  years,  conunencing  with  the  more  important  ele- 
mentary problems  in  plane  geometrical  drawing,  and  covering  so  much 
of  descriptive  geometry  and  orthographic  and  isometric  projection,  as 
are  necessary  to  a  complete  knowledge  of  mechanical,  architectural  and 
topographical  drawing. 

The  instruction  in  free  hand  drawing  was  discontinued,  except  as 
applied  to  sketches  of  machines,  etc.,  to  be  used  in  making  scale  draw- 
ing and  some  exercises  in  the  diflPerent  orders  of  architecture ;  leaving 
all  the  instruction  of  purely  ornamental  and  decorative  character  to 
other  well-known  institutions  in  the  city. 

The  method  of  teaching  adopted  omits  almost  entirely  the  use  of 
flat  copies,  depending  principally  upon  blackboard  illustrations  and 
exercises  in  drawing  from  models. 

While  this  course  was  strongly  recommended  to  all  the  pupils,  those 
sufficiently  advanced  had  the  ppportunity  of  electing  to  take  special 
instruction  in  some  branch  of  more  immediate  importance  to  them- 
selves. 

The  results  of  the  first  quarter  have  been  very  satisfax^tory,  nearly 
all  the  pupils  choosing  the  regular  course,  and  their  advance  has 
been  verj'  encouraging. 

This  is  an  important  branch  of  the  work  of  the  Institute,  and  the 
Board  commends  it  to  the  earnest  support  of  the  members. 

Lectures, — During  the  early  part  of  the  year  (Jan.  3d  to  March  5th) 
Wholb  No.  Vol,  OVJI, — (Third  Series,  Vol.  Ixxvii,  10 
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there  were  given  six  lectures  by  Prof.  Elihu  Thomson  on  the  Corre- 
lation of  Forces,  three  by  Prof.  P.  E.  Chase  on  the  Manufacture  of 
Bricks,  Paper  and  Ink,  and  eight  in  the  elementary  series,  by  Prof. 
E.  H.  Bartley,  on  Chemistry. 

In  the  arrangement  for  lectures  this  winter,  there  was  provided  a 
considerable  number  illustrating  the  aseful  applications  of  science, 
some  of  them  being  upon  subjects  now  attracting  a  large  degree  of  popu- 
lar attention ;  of  this  class  Prof.  E.  J.  Houston  delivered  six  during 
November  and  December. 

During  the  same  months  Dr.  W.  H.  Greene  gave  eight  valuable  lec- 
tures on  Organic  Chemistr}\ 

The  special  rate  of  admission  to  the  elementary  lectures  offered  to 
non-members  during  the  past  two  years  was  discontinued,  as  it  was  not 
made  use  of  to  any  considerable  extent. 

Prof.  Houston  gave  his  usual  lecture  to  (children  during  Christmas 
Aveek. 

Phonof/raphy, — The  class  in  phonography  was  continued  luider  the 
charge  of  Mr.  D.  S.  Holman,  and  the  attendance  during  the  year  has 
been  satisfactory. 

Mmdhly  MeeMnga, — The  following  statement  of  the  attendance  at 
the  monthly  meetings  for  the  past  three  years  shows  a  constantly 
increasing  interest  on  the  part  of  members  and  the  public : 

Years.  Members.  VisitorH. 

1876  *  1,060  112 

1877  1,390  187 

1878  1,425  •     400 
Library, — The  Boanl  has  been  atixious  for  the  improvement  of  the 

Tjibrar}",  and  has  appropriate  to  it  all  the  funds  avjtilable  for  that 
purpose,  and  beg  to  refer  to  the  report  of  the  Committee  on  its  Con- 
dition, etc.,'  which  vnW  be  duly  read. 
By  order  of  the  Board, 

R.  E.  Rogers,  PreMetd, 

After  the  reading.  Dr.  Rogers  reminded  the  members  that  with  this 
report  he  virtually  ended  his  duties  as  President,  and  took  occasion  to 
thank  them  for  their  unvarying  kindness  toward  him  during  the  foiu* 
years  he  had  served  the  Institute,  which,  although  old  in  years,  is 
youthful  in  vigor  and  usefulness. 
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On  motion  of  Mr.  J.  E.  Mitchell,  the  order  of  l)iL**ineHS  wai*  huk- 
})ended,  and  the  followinjjf  preamble  and  resolution  were  unanimously 
adopted : 

Whereas,  Our  highly  esteemed  presiding  officer,  Dr.  R.  E.  Rogers, 
having  declined  a  re-election  to  the  office  he  has  so  acceptably  filled  for 
the  past  four  years,  it  is  therefore 

Eemlvedy  That,  in  parting  with  Dr.  Rogers,  we  desire  to  place  on 
record  our  high  appreciation  of  the  courteous  and  impartial  manner 
with  which  he  has  presided  over  our  deliberations,  as  well  as  our  appns 
(fiation  of  the  v^aluable  time  and  talents  he  has  devoted  to  the  service 
of  this  Institute,  and  we  indulge  the  hope  that  in  the  future,  as  in  the 
past,  it  may  have  the  benefit  of  his  extensive  reseanJi  and  great  ex})e- 
rien(«. 


The  Library, 

The  Committtee  on  the  Library  res2)ectfully  report : 

That  during  the  year  1878,  jiL^^t  passed,  the  gradual  improvement  of 

the  Librarj'  has  been  (Mjntinued. 

We  have  added  to  our  collection  806  volumes  and  43  maps.     Of 

the  books,  455  are  bound  and  351  unbound. 

Total  number  of  bound  volumes  Dec.  31,  1877,  13,>104 
"'        "  "  "       Dec.  31,  1878,  13,559 


455 

Diu'ing  the  pa^t  year  we  have  arranged  an  exchange  with  the  Royal 
Academy  of  Belgium,  by  which  we  are  to  receive  a  complete  set  of  their 
Proceedings  from  the  beginning,  in  return  for  a  full  co])y  of  the 
Journal  of  the  Institute,  with  oontiuufed  exchange. 

Also,  by  the  liberality  of  the  French  Government,  we  acquire  all 
the  volume^  necessarj';  to  conxplete  our  collection  of  French  Patents ; 
also  the  Amiales  des  Pmvts  ef  Chausaelsy  with  many  valuable  Reports 
and  the  Annales,  de^  Mines^  for  which  we  are  to  send  a  full  copy 
of  the  Journal  in  exchange. 

A  continued  and  successful  effi^rt  has  been  maintained  to  fill  up  the 
sets  of  some  valuable  serials.  Although  the  result  does  not  swell  the 
Catalogue,  it  increases  the  value  of  the  Library  for  reference. 

The  use  of  the  Library  by  the  members  continues  to  increase  with 
its  improvement.     During  the  past  year  1,984  volumes  have  beea 
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taken  out  by  265  members,  while  the  use  of  the  books  in  the  Hall, 
both  by  reading  and  by  making  extracts,  has  been  oontinued. 

The  Institute  is  aware  that  the  Library  is  to  receive  the  benefit  of 
the  liberal  gift  of  $10,000  from  Mrs.  Bloomfield  H.  Moore,  who  thu8 
desires  to  establish  a  memorial  of  her  late  husband. 

No  more  fitting  tribute  to  the  memory  of  an  honored  member  could 
have  been  designed,  and  the  committee  feel  a  peculiar  satisfaction  in 
accomplishing  an  object  with  which  they  sympathize  so  much. 

Signed,  by  order  of  the  Committee, 

W.  P.  Tatham,  Chairman. 

Philadelphia,  Jan.  6,  1879. 


The  represerUaUve  of  the  Instituie  in  the  Pennsylvania  Museum  and 
School  of  Industrial  Art  presented  the  following  report : 

The  progress  made  during  the  past  year  in  the  development  of  the 
original  plan  of  the  institution  has  greatly  increased  its  usefulness. 

The  arrangement  with  the  Permanent  Exhibition  Company  was 
entered  into  on  May  10th,  1877,  by  which  that  corporation  was  to 
receive  all  the  entrance  money  and  issue  tickets  admitting  to  both  its 
building  and  Memorial  Hall,  and  pay  to  the  Museum  corporation  a 
fixed  sum.  The  Exhibition  Company  having  failed  to  pay  over  the 
money  due  under  their  contract,  the  Museum  was  deprived  of  a  con- 
siderable portion  of  ite  income,  and  in  April  last  the  agreement  was 
cancelled  and  the  receipts  at  Memorial  Hall  passed  directly  into  the 
treasury  of  the  Museum.  Siiiise  that  time  the  admissions  have  consid- 
erably fallen  off,  owing,  no  doubt,  in  a  large  degree  to  the  difficulty  of 
access  to  Memorial  Hall  from  the  street  car  lines  on  Elm  avenue. 

The  experiment  of  openihg^the'oollections  to  the  public  on  Sundays 
has  proved  satisfactory,  both  in  the  character  of  the  visitors  and  in  their 
number ;  more  than  20  per  cent,  of  the  total  admissions  since  April 
6th  having  been  on  Sundays. 

During  the  year  the  collections  of  English  pottery  and  porcelain  lent 
by  Messrs.  Daniell  &  Sons,  of  London ;  of  specimens  of  enameled 
glass,  of  Brocart,  and  of  pottery,  by  Deak,  lent  by  Messrs.  Landos  & 
Co.,  of  London,  and  of  the  collection  of  Spanish  pottery  and  glass,  lent 
by  Signor  Reano,  of  Madrid,  were  returned  to  their  owners. 

To  fill  the  temporary  void  thus  caused,  the  Trustees  invited  from 
citizens,  the   loan  of  suitable   objects  for   exhibition,  to  which  they 
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received  a  hearty  response.  The  period  of  the  loan  terminated  on 
Nov.  16th,  but  many  of  the  depositors  have  allowed  their  objects  to 
remain  for  an  indefinite  time. 

The  collection  illustrative  of  the  native  productions  and  the  manu- 
factures of  British  India,  loaned  after  the  dose  of  the  Centennial  Exhi- 
bition, has,  through  the  kind  offices  of  Sir  Herbert  B.  Sanford,  been 
presented  to  the  Museum. 

Other  gifts  have  been  received  from  private  citizens,  prominent 
among  which  is  a  cork  model  of  the  Temple  of  Neptune,  at  Pastum, 
sent  from  Naples  by  Mr.  Fred'k  Graff. 

The  Numismatic  and  Antiquarian  Society  of  Philadelphia  has 
deposited  its  valuable  and  extensive  collection  of  coins,  together  mth 
similar  collections  belonging  to  the  American  Philosophical  Society, 
and  the  Library  Company  of  Philadelphia. 

During  his  visit  to  the  Paris  Exposition,  the  Secretary  purchased  a 
few  specimens  of  art  workmanship  and  a  coasiderable  number  of 
books,  on  Industrial  Art,  for  the  Library. 

The  collection  illustrative  of  mining  and  metallurgy,  belonging  to 
the  American  Institute  of  Mining  Engineers,  still  remains  on  loan, 
and,  from  n^otiations  now  pending,  it  is  expected  that  the  collection 
will  soon  be  permanently  deposited  with  the  Museum. 

During  the  last  session  of  the  Legislature  an  effort  wa^  made  to 
obtain  State  aid  in  the  work  of  the  corporation,  but  it  resulted  only  in 
an  appropriation  of  $6,000  for  the  maintenance  and  repair  of  Memo- 
rial Hall,  a  sum  considerably  less  than  that  actually  expended  for  that 
purpose. 

The  provisions  of  the  U.  S.  Tariff  were  foimd  insufficient  to  admit 
free  of  duty  many  objects  imported  by  educational  institutions,  and 
during  the  last  session  of  Congress  an  amendment  was  made  to  the 
law,  by  which  nearly  all  articles  the  Museum  may  wish  to  import  will 
be  admitted  free,  and  which  relieved  a  number  of  purchases  made 
at  the  Centennial  which  up  to  that  time  were  under  bond. 

The  progress  of  the  schools  during  the  year  has  more  than  equalled 
the  expectation  of  th^  Trustees.  The  instruction  has  been  in  the 
direction  of  self-help,  and  to  instil  into  the  minds  of  students  the  prin- 
ciples involved,  rather  than  allowing  them  to  learn  by  rote.  The 
hours  of  attendance  were  changed  at  the  commencement  of  the  autumn 
term,  requiring  each  class  to  be  present  only  twice  each  week,  instead 
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of  each  day,  as  before,  thiis  enabling  the  same  instructors  to  teach 
twice  as  many  pupils.  The  number  now  attending  regular  classes  is 
200. 

The  art  needle-work  class  has  been  continued  with  marked  success 
as  to  the  instruction  given  and  the  character  of  the  work  produ(*ed, 
although  it  has  not  been  self-supi)orting.  The  number  of  free  pupils 
is  kept  constantly  at  25,  and  after  they  have  acquired  sufficient  profi- 
ciency they  are  employed  on  orders  at  pay.  In  the  management  of 
these  classes  the  Trustees  have  been  greatly  aided  by  the  Advisory 
Committee  of  twelve  ladies,  who  devote  much  time  to  the  work. 

So  far  the  work  of  the  different  departments  has  been  carried  out  as 
fully  as  means  would  permit,  and  the  Trustees  (Miufidently  appeal  to 
the  people  of  all  classes  for  that  financial  aid  ntH*eK**arv  to  complete 
what  has  been  so  well  begun. 

.1.  B.  K^^mHT. 


Profs.  Houston  and  Thomson  exhibited,  in  operation,  two  forms  of 
their  vibrating  electric  lamp,  operated  by  currents  produced  by  a  dyna- 
mo-electric machine,  also  of  their  own  design  and  construction.* 

They  also  gave  an  illustration  of  the  possibility  of  transmitting 
power  for  long  distances,  through  small  wires,  by  means  of  electrical 
currents.  The  currents  of  high  electrio  motive  forc^  generated  by  one 
machine  were  conveyed  through  two  fine  wires,  of  combined  area  of 
"004  of  an  inch,  to  another  machine,  which  in  turn  gave  off  consider- 
able power.f 

The  tellers  of  the  election  held  this  day  presented  their  report,  and, 
in  accordance  therewith,  the  President  declared  the  following  members 
elected  as  officers  and  managers : 

President,  William  P.  Tatham. 

Vice-Pi'esidenty  Jas.  E.  Mitchell. 

Secretary,  J.  B.  Knight. 

Trecumrer,  Fred'k  Fraley. 

Managers  to  serve  three  years.  Hector  Orr,  R.  E.  Rogers,  Elihu 
Thomson,  Cyrus  Chambers,  Jr.,  Wm.  V.  McKean,  Wm.  Sellers, 
H.  R.  Heyl,  J.  Vaughan  Merrick. 

*  This  machine  will  shortly  be  described  in  the  Joubnal. 

t  For  demonstration  of  the  principles  involved,  see  page  30  ante. 
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ManKiger  to  nerve  tioo  years,  to  fill  vacancy,  C.  8.  Heller. 
Representative  in  the  Board  of  Trustees  of  the  Pennsylvanicc  Museum 
and  School  of  Industrial,  AH,  J.  B.  Knight. 

Dr.  Rogers,  the  retiring  President,  then  conducted  his  sucxiessor,  Mr. 
Tatham,  to  the  chair,  and  expressed  his  gratification  in  resigning  it  to 
one  so  earnest  in  promoting  the  work  and  interests  of  the  Institute  and 
skilful  in  administration. 

Upon  assuming  the  chair  Mr.  Tatham  thanked  the  members  for  the 
honor  so  unanimously  cx)nferred  upon  him,  and  asked  their  indulgence 
for  any  deficiency  that  might  arise  from  his  want  of  experience  as  a 
presiding  officer.  He  invoked  their  co-operation  and  assistance  in  pro- 
moting the  usefulness  ami  prosperity  of  the  Institute ;  for  prosperity 
and  usefulness  go  hand  in  hand.  He  called  attention  to  the  facts  that 
in  1824,  when  the  Institute  was  founded,  the  city  contained  about  one- 
sixth  of  its  present  population,  and  that  within  the  first  year  thereafter 
there  were  over  600  meml)ers  enrolled  ;*  that  of  the  largely  increased 
number  of  inhabitants  of  Philadelphia  we  should  now  have  as  large  a 
proportion  of  members  as  in  the  earlier  years,  and  this  he  believed 
«)uld  be  easily  awomplished,  if  ever}'  member  would  call  the  attention 
of  his  friends  to  the  advantages  the  Institute  offers  in  its  meetings, 
librar}',  lectures,  sections  and  committees,  to  all  persons  interested  in 
tlie  progress  of  science  and  the  mechanic  arts,  whether  a.s  teachers  or 
learners,  or  as  desiring  the  benefit  and  instruction  of  others. 

The  Secretary's  report  embraced  J.  d'Auria's  Steam  Engine  Gov- 
ernor ;t  and  Meeker's  Automatic  Coin  Cashier,  to  facilitate  making 
change,  consisting  of  a  series  of  receptaxJes  for  coin  of  the  various 
denominations,  standing  at  an  inclination  from  the  perpendicular,  and 
having  at  their  lower  ends  a  slide,  which,  when  moved  to  the  proper 
lM)sition,  allows  one  piec^e  of  coin  to  drop  out.  The  slidt«  are  marked 
with  the  denominations  of  the  various  coins  contained  in  the  recepta- 
cles, and  are  opemted  by  passing  the  thumb  upon  an  extension  thereof 
l)rojecting  to  a  convenient  distance,  and  the  palm  of  the  hand  is 
at  the  same  time  held  luider  to  receive  the  coin  as  it  drops  out: 
Crawford's  Automatic  Cut-off  for  Water  Pipes,  consisting  of  a  dif- 
ferential expansive  thermometer,  so  connected  to  a  cock  at  the  lower  end 

*  There  were  637  members  enrolled  in  1824. 

t  A  description  of  this  governor  will  appear  in  the  next  number  of  the  Journal. 
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of  the  service  pipe  in  the  house,  that  when  the  temperature  falls 
to  the  freeziug  point  a  catch  is  disengaged,  allowing  a  weight 
attached  to  the  lever  of  the  cock  to  fall  and  close  it,  at  the  same  time 
opening  a  drip,  allowing  the  water  contained  in  the  pipe  to  escape : 
The  Hartford  Slat  Window  Blind,  in  which  the  slats  are  operated 
by  means  of  a  rack  concealed  in  the  frame  and  engaging  into  pinions 
attached  to  the  trunion  of  each  slat,  thus  doing  away  with  the  end 
usually  attached  to  the  edges  of  the  slats,  and  allowing  the  latter  to 
close  more  tightly:  Clark^s  System  of  Ventilating  House  Drains: 
CudelFs  Sewer  G^  Trap,  and  P.  E.  Jay's  System  of  aging  Liquors. 

Dr.  Isaac  Norris  exhibited  and  explained  an  improvement  to  the 
spectroscope  devised  by  him,  in  which  the  table  of  the  instrument,  sup- 
porting prisms,  telescope,  etc.,  instead  of  being  fixed  firmly  to  the  pil- 
lar and  base,  have  a  hinged  motion,  similar  to  that  of  the  best  forms  of 
microscope,  enabling  the  student  to  use  the  spectroscope  on  an  ordinary 
table,  while  the  telescope  being  inclined  gives  the  best  position  for 
making  accurate  observations,  and  with  the  greatest  comfort  to  the 
observer. 

The  violet  end  of  the  spectrum  is  raised  with  the  elevation  of  the 
telescope,  but  the  lines  are  readily  made  vertical  by  a  slight  turning  of 
the  slit,  and  in  practice  it  is  not  found  at  all  objectionable,  the  reading 
from  the  vernier  of  the  distance  apart  of  the  lines  being  the  same  as 
when  the  table  is  in  a  horizontal  position.  A  key  which  is  furnished 
|)ermits  one  to  clamp  it  firmly  in  any  position.  Another  advan- 
tage of  the  arrangement  may  be  stated  to  be  the  facility  with  which 
any  portion  of  the  flame  from  a  Bunsen  burner  can  be  observed  with- 
out altering  the  height  of  the  lamp,  a  slight  elevation  or  depression  of 
the  telescope  effecting  it,  and  the  same  applies  to  the  tubes  used  for 
obtaining  the  spectra  of  liquids  and  gases. 

It  can  be  adapted  to  any  spectroscope,  and  of  course  pemits  of  its 
use  in  the  ordinarj^  way,  the  wonder  being  that  it  was  not  thought  of 
))efore,  so  many  advantages  coming  from  it. 

Under  the  head  of  deferred  business,  the  resolutions  from  the  Board 
of  Managers  and  from  the  Committee  on  Science  and  the  Arts  relative 
to  the  awards  of  medals  were  taken  up,  when,  on  motion  of  Mr. 
Weaver,  the  further  consideration  of  the  subject  was  postponed  to  the 
next  meeting.  *  *  *  * 

On  motion,  the  meeting  adjourned. 

J.  B.  Knight,  Seeretat^. 


Digitized  by 


Google 


Journal  of  the  Franklin  Institute. — AdvertisemenU. 


PRACTICAL  SCIENTIFIC  BOOKS. 


THE  STEAM  ENGINE.— Con- 
sid«red  as  a  Heat  Bngine  :  a  Treatise 
on  the  Theory  of  the  Steam  Bngine. 
By  Jas.  H.  Oottrell,  M.A..  Illnstrated 
by  Diagrams^  Tables,  and  Bzamples 
from  Practice.    Syo,  cloth,  $5.00. 

HEAT. — ^^A  Practical  Treatise  on 
Heat,  as  applied  to  the  Usefal  Arts, 
for  the  Qse  of  Engineers,  Architects, 
etc.  By  Thomas  Box.  Second  Bdi- 
tion.     Plates.     8yo,  cloth,  $5.00. 

COALi, — A  Practical  Treatise  on  Goal 
Mining.  By  George  6.  Andr6,  F.O.S. 
Complete  in  two  Yolumes,  royal  4to, 
cloth,  containing  550  pages  of  letter- 
press and  84  plates  of  practical  draw* 
ings.     Price,  $28.00. 

MINING  MACHINERY. —  A 
Descriptive  Treatise  on  the  Machinery, 
Tools,  and  other  Appliances  used  in 
Mining.  By.  G.  G.  Andr^,  P.G.S.  In 
twelve  Monthly  FartSj  royal  4/o,  uniform 
with  the  Author's  Treatise  on  Coal  Min- 
ing j  and  when  complete  wiU  contain  about 
150  Plates t  accurately  drawn  to  scale, 
with  descriptive  text.  Each  part,  price, 
$2.00. 

SANITARY  ENGINEER- 
ING: A  Series  of  Lectures  given 
before  the  School  of  Military  Engin- 
eering, at  Chatham,  1876.  By  J. 
Bailey  Denton,  F.G.S.  In  Diyisions  : 
1,  Air ;  2,  Water ;  3,  The  Dwelling  ; 
4,  The  Town  and  the  Village  ;  6,  Dis- 
posal of  Sewage.  In  one  thick  volume 
of  429  payee,  royal  8vo,  cloth,  containing 
28  plates,  135  engravings^  and  many 
valuable  tables,  $10.00. 

STEAM  ENGINE.— A  Practical 
Treatise  on  the  Steam  Bngine,  con- 
taining Plans  and  Artangements  of 
Details  for  fixed  Steam  Engines,  with 
Bssays  on  the  Principles  involved  in 
Design  and  Gonstr action. .  By  Arthur 
Rigg.  Two  hundred  diagrams,  drawn  on 
a  scale  sufficiently  large  to  be  readily  in- 
tdUgible,  embellish  the  text ;  and  ninety- 
nix  lithographed  plates,  containing  some 
hundreds  of  illustrations,- give  a  series  of 
(ouunples  which  embody  most  ihat  is  new 
and  admirable  m  the  practice  of  modem 
Engineers,  In  one  volume,  demy  4to, 
handsomely  bound  in  half-morocco, 
$17.00.  Also  in  Twelve  Parts,  price 
$1.25  each. 


GAS  MANUFACTURE.  -  A 
Practical  Treatise  on  the  Manufacture 
and  Distribution  of  Ooal  Gas.  By 
Wm.  Richards.  Numerous  wood  en- 
gravings and  large  plates.  Demy  4to 
cloth,  $12.00. 

ELECTRIC  LIGHTING:  lu 
State  and  Progress,  and  vts  probable 
Influence  upon  the  Gas  Interests.  By 
John  T.  Sprague.  8yo,  paper,  40  cents. 

WORKSHOP  RECEIPTS,for 
the  Use  of  Manufacturers,  Mechanics, 
and  Scientific  Amateurs.  By  Brnest 
Spon.  Crown  8vo,  cloth,  with  illus* 
traUons,  $2.00. 

WARMING  AND  VENTI- 
LATING.—A  Practical  Treatise 
on  Warming  Buildings  by  Hot  Water, 
Steam  and  Hot  Air,  and  on  Ventila- 
tion. By  Chas.  Hood,  F.B.S.  Fifth 
edition,  enlarged  and  improved.  8vo 
cloth,  $4.26. 

ORNAMENTAL  PEN- 
MAN'S, Engraver's,  Sign  Writer's, 
and  Stone  Gutter's  Pocket-Book  of 
Alphabets.— Including  Church  Text, 
Egyptian,  Egyptian  Perspective, 
French,  French  Antique,  French  Re- 
naissanee,  German  Text,  Italic,  Italic 
Shaded,  Italian  Hairline,  Monograms, 
Old  English,  Old  Roman,  Open  Ro- 
man, Open  Stone,  Ornamental,  Roman, 
Latin,  Rustic,  Tuscan,  etc.  Oblong 
32mo,  20  cents. 

GIRDER-MAKING  and  the 
Practice  of  Bridge  Building  in  Wrought 
Iron.— By  E.  Hutcbinsoa,  M.I.M.E. 
8vo.     Nearly  ready. 

Concrete.— A  Practical  Treatise 
on  Natural  and  Artificial  Concrete; 
its  varieties  and  constructive  adapta- 
tions. By  Henry  Reid,  G.B.,  author  of 
the  **  Manufacture  of  Portland  Ce- 
ment.'* 8vo  cloth.  New  edition. 
Nearly  ready. 

POCKET-BOOK  for  CHEM- 
ISTS, Chemical  Manufacturers,  Me- 
tallurgists, Dyers,  Distillers,  Brewers, 
Sugar  Refiners,  Photographers,  Stu- 
dents, etc.  By  Thos.  Bayley.  In  con- 
venient form  for  easy  reference,  6  in. 
by  3  in.,  and  1  in.  thick,  containing 
421  pages,  bound  in  roan,  $2.00 
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WM.  SELLERS  &  CO. 


Mmmiitoa  Sfireei, 

PHILADELPHIA. 


Engineers  and  Machinists. 


jVIANUFACTURWg  Of 


Of  Improved  and  PaterUed  Designs y 

Coxivexiiexit,  i^uiek,  And 

E^eonomiea.!  in  Opex*£ttioii. 

HAItWAY  TUHK  TAStES, 

PIVOT   BRIDOES,   ETC. 


SHAFTINa  AND  MILL  eEARINe. 


Improved  Iiyector  Boiler  Feeders, 

OPERATED  BY  A  SINGLE  MOTION  OF  A  LEVER. 
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THE  BOYDEN   PREMIUM. 


URIAH  A.  BOYDEN,  ESQ.,  of  Boston,  Mass.,  las  deposited  with  the  Franklin 
fnstitate  the  snm  of  one  tboasand  dollars,  to  be  awarded  as  a  premium  to 


'*  Adj  resident  of  Korth  America  who  shall  dettrmine  hy  experiment 

whether  all  rays  of  light,  and  other  phjrsieal  rays,  are  or  are 

not  transmitted  with  the  same  Telocity." 

The  following  conditions  have  been  established  for  the  award  of  this 
premium : 

1.  Any  resident  of  North  America,  or  of  the  West  India  Islands,  may  be  a 
competitor  for  the  premium ;  the  southern  boundary  of  Mexico  being  eonsid* 
ered  as  the  southern  limit  of  North  America.  I 

2.  Each  competitor  must  transmit  to  the  Secretary  of  the  Franklin  Institute 
a  memoir,  describing  in  detail  the  apparatus,  the  mode  of  experimenting,  and 
the  results ;  and  all  memoirs  received  by  him  before  the  first  day  of  January 
one  thousand  eight  hundred  and  eighty,  will,  as  soon  as  possible  after  this  date, 
be  transmitted  to  the  Committee  of  Judges. 

3.  The  Board  of  Managers  of  the  Franklin  Institute  shall,  befoi^e  the  first 
day  of  January,  one  thousand  eight  hundred  and  eighty-one  select  three 
citizens  of  the  United  States,  of  competent  scientific  ability,  to  wnom  the 
memoir  shall  be  referred ;  and  the  said  Judges  shall  examine  the  memoirs  and 
report  to  the  Franklin  Institute  whether,  in  their  opinion,  and,  if  so,  which  of 
their  memoirs  is  worthy  of  the  premium.  And,  on  their  report,  the  Franklm 
Institute  shall  decide  whether  the  premium  shall  be  awarded  as  recommended 
by  the  Judges. 

4.  Every  memoir,  shall  be  anonymous,  but  shall  contain  some  motto  or  sign 
by  which  it  can  be  recognized  and  designated,  and  shall  be  accompanied  by  a 
sealed  envelope,  endorsed  on  the  outside  with  same  motto  or  sign,  and  con- 
taining the  name  and  address  of  the  author  of  the  memoir.  It  shall  be  the 
duty  of  the  Secretary  of  the  Franklin  Institute  to  keep  these  envelopes  securely 
and  unopened  until  the  Judges  shall  have  finished  their  examination;  when, 
should  the  Judges  be  of  opinion  that  any  one  of  the  memoirs  is  worthy  of  the 
premium,  the  corresponding  envelope  shall  be  opened,  and  the  name  of  the 
author  communicated  to  the  Institute. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments  describe4 
in  any  of  the  memoirs  to  be  repeated  in  their  presence. 

6.  The  memoirs  presented  for  the  premium  shall  become  the  property  of  tht 
Franklin  Institute,  and  shall  be  published  as  it  may  direct 
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JBSSTJP  &  MOORE, 

FAFEB  MANUFACTUSEBS 

OfDees  and  Warebouiieft  t 

No.  27  NOETH  SIXTH  ST.,  PHILADELPHIA, 

AND 

128  WILLIAM  ST.,  NEW  YOEK. 

Have  ou  hand  and  make  to  order  at  short  notice,  News  and  Book  Printing 
Paper,  all  qualities  and  sizes.     Codoms  Hill  Writing  Papers,  Manilla  Papers. 
Importers  of  Chemicals  and  Feltings.     Dealers  in  Paper  Makers'  Materia^  of 
every  description.    Cash  Market  Prices  paid  for  all  kinds  of  Paper  Stock. 
Feb.  *78, 1  yr. 

JACOB  NAYLOR, 

Successor  to  HUNSWORTH  Sc  NAYLOR, 

GIRARD   AVE.   AND    FRONT   STREET 
PHILADELPHIA. 


STEAM  EN6INES,  BOILERS  AND  TANKS, 

Shafting  and  Gearing,  Couplings,  PuUeyB  and  Hangers. 

STEAM  AND  HAND  CRANES. 

Passenger  and  Freight  Hoisting  Machinery  for  Stores  &  Factories, 

Marble  Sawing  and   Polishing  Machinery  of  all   Kinds, 

SPECIAL  MACHINERY  AND  FIXTURES  FOR  SOAP  MANUFACTURERS, 
Retorts,  Meters,  Stills,  &c.,for  Chemists. 

Sngsr  Boilers,  Tanks  and  Machinery.     Castings  in  green  sand  oi-  Loam,  and 
Machinery  in  general. 

W.  "W,  TUPPEB  A  GO'S  PATBBTT  GBATSB  ABTD  OBATE  BABS. 

RIDER'S  PATBNT  AUTOMATIC  CUT-OFF  ENGINE,  either  Vertical  or  Horisontsl 

Jan. '79.1  yr. 

NOISE-QUIETING    NOZZLES. 

FOB  SAFETY  VALVES,  VACUUM  BBAKES,  &c. 

Quiets  aU  the    Ohjectianahle  Noise  from   Pap    Valves  and 
Ordinary  Safety  Valves. 

8HAW'S    NOZZLES    FOR   LOCOMOTIVE   8|M0KE.8TACK8  arrest  Sparks  without  any 
Screen  wtiatever.    Addresi?  the  Patentee, 

j.„  .7i.,iyr.  T.  SHAW,  915  Ridge  Avenue. 
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FOR 

PRACTICAL  &  ANAL7TICAL  CBEHISTRY. 

CHANT  STREET.  TENTH  STREET,  BELOW  MARKET.  PHILADELPHIA. 
(Rear  of  St.  Btephen*8  Church.) 

InstruotioD   given    in  CHEMISTRY,  MINERALOGY    and    GEOLOGY,   by  LECTURES    aad 

PRACnOE,  with  especial  refrrenoe  to  ANALYSIS,  MANUFACTURES  and  MEDICINE. 

Analyfles  made  of  Ores,  Minerals,  GaanoR,  Waters,  and  articles  of  commerce  and  manufactare. 

Opinions  given  on  chemical  questions. 

Jamss  C.  Booth, 

Thos.  H.  Gaemtt.  booth,    GARRETT    A    BLAIR. 

Amdrkw  a.  Blair.  Jan.  78, 1  yr. 

AMERICAN  JOURNAL  OF~MATHEMATICS^ 

PTTBUSasS  UKDES  THE  ATJSflCES  OF  THE  JOHNS  HOPKINS  T7NIVEBSZT7. 

Itsaed  in  yolumen  of  384  quarto  pages,  comprising  four  numbers,  appearing  quarterly. 
First  volume  published  the  present  year. 

Its  primary  object  is  the  publication  of  original  investigations ;  abstracts  of  memoirs  diffl> 
cnlt  of  accesH  to  students,  and  bibliographical  notices  of  important  publications  will  be  given. 

EdUar-in-Chitfy  J.  J.  Stlvestbe,  LL.D.,  F.R.8.;  AtsooiaU  Ediiorin-Charg^,  Willum  £.  Stort, 
Ph.D.  (Leipsig);  u)ith  the  co-operation  of  Bihjamin  Pikrok,  LL  D.,  P  R.S.,  of  Harvard  UnlTerstty ; 
SiMoir  Nkwcomb,  LL.D..  F.R.S..  Superintendent  of  the  American  Ephemeris.  and  H.  A.  Rowland, 
C.E.,  of  the  Johns  Hopkins  University. 

Snbscriptioii  Price.  $5.00  per  Volnme ;    Single  Numbers,  $1.50. 
Address  WM.  E.  STORY,  Johns  Hopkins  University,  Baltimore,  Md. 


FOR  INVENTIONS,  TRAD?:   MARKS,  COPYRIGHTS,  &c., 

procured  promptly  and  on  reasonable  terms.     Advice  free.      Call  or 
send  for  a  Book  of  Instructions. 

JOHN  A-  WIEDERSHEIM, 

No.  110  South  Fourth  St.,  Philadelphia. 


POROUS    EVAPORATOR, 

—FOR—  ^ 

SUPPLYING  MOISTURE  TO  HEATED  AIR, 

Is  a  truly  scieDtific  apparatus  that  supplies  a  want  long  felt  by  all  who  use  artificial 
means  to  heat  dwtlUtigs,  schools,  public  buildings^  &c  ,  Ac.  It  is  endorsed  by  the 
Franklin  Institute,  the  Medical  Society  of  the  State  of  Pennsylvania,  Board  of 
Health,  and  a  host  of  scientific  and  professional  men.  The  device  is  simple  in  con- 
struction. It  does  not  give  off  steam  vapor  as  metal  pans  do.  Send  for  circular 
and  testimonials  to 

Feb.  '79, 1 1.  9&A1IVILLE  2IALC0LX,  1123  Chestnut  Stmt,  FUla,,  Pa. 
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VAN  NOSTRAND'S 

ENGINEERING    MAGAZINE 

COMMENCED  JANUARY,  1869, 

FVBUSB£S  OK  TEX  letli  OF  SACB  IIOVTB,  AT  $5.00  PES  TSAB. 

Consists  of  original  contributions  on  all  branches  of  Engineering  Science,  and  selected  articles 
from  the  leading  Foreign  Journals. 

it  is  designed  that  each  n  amber  shall  contain  valuable  papers  relatiTC  to  the  differeni 
departments  of  engineering  labor.  Space  will  be  given  to  short  dincussions  or  elooidatioos  of 
important  formulsB,  especially  sunh  as  have  proved  valuable  in  the  practice  of  ihe  working 
engineer.    Our  facilities  for  aifording  such  items  are  extensive  and  increasing. 

The  original  contributions  hereafter  will  form  the  most  prominent  feature,  but  artieles 
selected  and  condensed  from  the  English,  Krenoh,  German  and  Austrian  engineering  periodi- 
cals will  continue  to  occupy  a  position  as  before,  and  will  contribute  to  make  this  Magasine 
valuable  to  the  engineering  profession,  too  valuable,  in  fact,  for  any  of  our  leading  engineers  to 
be  without. 

It  will  continue  to  occupy  the  same  high  position  in  this  respect  that  it  took  firom  its  com- 
mencement. 


4^  Cloth  covers  for  Volumes  L  to  XIX.  inclusive,  elegantly  stamped  in  gilt,  will  be  fur- 
nished by  the  publisher,  for  fifty  cents  each. 

If  the  back  numbers  be  sent,  the  volumes  will  be  bound  neatly  is  black  cloth  and  lettered 
for  seventy-five  cents  each.    The  expense  of  carriage  must  be  borne  by  the  subscriber. 

NOTICE  TO  NEW  SUBSCRIBERS.— Persons  commencing  their  subscriptioiis 
with  the  Twentieth  volume  (January,  1879;,  and  who  are  desirous  of  possessing  ihe  work  from 
its  commencement,  will  be  supplied  with  Volumes  I.  to  XIX.  inclusive,  neatly  bound  m  cloth, 
for  $50.00,  in  half  morocco,  I7S.0O. 


subscril 


NOTICE  TO  CLUBS.— An  extra  copy  will  be  supplied  gratis  to  every  Club  of  Fire 

ribors,  at  $5.00  each,  sent  in  one  remittance. 


aOOPES  &  TOWNSENB 


MANUFACTURE 


Machine f  Car  and  ^rid^e  ^olU^ 

COLS  FUNCEES  SQUABE  AND  HZZAQON  NUTS, 

PLOW  BOLTS,  PATCH  BOLTS, 

BOLT  ENDS,  TRACK  BOLTS, 

WOOD  SCREWS,  WASHERS, 

TANX  RIVETS,  BRIDGE  RODS, 

BODS  AJXn  BOLTS  FOB  BUILDHIGS. 

"KEYSTOTSTE"  BOILER  RIVETS, 

OFFICE  AND  WOBK8, 

Ho.  1330  Buttonwood  Street,  Fluladelphia. 
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"THE  BEST  LITERATURE  OF  THE  DAY."-^-'  yorknnus. 

TH£  QRBATEST  I.ITING  AUTHORS,  such  as 


Prof.  Max  Muller, 

Rt.  Hon.  W.  E.  G-LAD8T0NB, 

Jav£8  Anthony  Fboudb, 
1  of.  Huxley, 
Richard  A.  Proctor, 
Prof.  GoLDWiN  Smith, 
Edward  A.  Freeman, 
Prof.  Ttndall, 
Dr.  W.  B.  Carpenter, 
Frances  Power  Cobbs; 

and  many  others, 


The  Dukb  of  Argyll, 
WiLUAM  Black, 
Kiss  Thackeray, 
Krs.  Kuloch-Craik, 
George  MacDonald, 
Mrs.  Oliphant. 
Mrs.  Alexander, 
Jean  Inoelow, 
Julia  Eayanagu, 
Thomas  Hardy, 


9XQ  represented  In  the  pages  of 


Matthew  Arnold, 

J.  Norman  Lockye^, 

Francis  W.  Newman, 

Alfred  Russell  Wallacb, 

Henry  Eingsley, 

"W.  W.  Story, 

Ivan  Tubguenief, 

Rubkin, 

Tennyson, 

Browning, 


LITTELL'S  LIVING  AGE. 

m  1879,  Thb  Living  Age  enters  upon  its  tbirty-sixth  year,  admittedly  unrivalled  and  continuoasly  suc- 
cesflfuL    A  1?9'eekly  Magazine,  of  sixty-four  pages,  it  gives  more  than 

double-column  octavo  pages  of  readingr-matter  yearly,  forming  four  large  volumes.  It  presents  in  an  inexpen 
sive  form,  considering  its  great  amount  of  matter,  with  freshness,  owing  to  its  wccKly  issue,  and  with  a 
satit^actortf  completeness  attempted  by  no  other  publication,  the  best  Essays,  Reviews,  Criticisms,  Tales, 
Sketches  of  Travel  and  Discovery,  Poetry,  Scientific,  Biographical,  Histoiicol,  and  Political  Information, 
trom  the  entire  body  of  Foreign  Pcriodicui  Literature. 

During  the  coming  year,  Serial  and  Short  Stories  by  the  Most  Eminent  Forels^n  Authors  will  ba 
.  ^ven,  together  with  an  amount 

T7xi.AZ>Z>3r^AOli.ocl.  Ja^y  azxit  ^tlxozr  JE^orl^cUoAl 

In  the  world,  of  the  most  valuable  Literary  and  Scientific  matter  of  the  day  from  the  pens  of  the  foremost 
Essayists,  Scientists,  Critics,  Discoverers,  aii4  Editors,  above-named,  and  many  others,  representing  every  ' 
department  of  Knowledge  and  Progress 

The  importance  of  The  Living  Age  to  every  American  reader,  as  the  only  satisfactorily  fresh  and 
eompletcr  compilation  of  a  generally  inaccessible  but  indisp^nuble  corrent  hientaue,-^indispen9abU 
because  it  embraces  the  productions  of 

tn  sU  branches  of  Literature*  Sdenoe,  Art,  and  Politics,— is  suffideQtljr  indicated  by  the  following  recent 

"The  LnriNO  Acs  supplies  a  better  compendimn  of 
current  discussion,  information  and  inve»tii|atiou,  and 
l^ves  a  greater  amount  aud  variety  of  reading-matter 
which  It  IS  well  worth  wlille  to  read,  than  any  other  pub- 
lication. ...  It  is  simply  indi8pensable."'^£o«ton  Journal. 

"  It  contains  the  best  results  of  tiie  world's  tliinking."— 
The  Churchman^  New  York, 

**  It  affords  the  best,  the  cheapest,  and  most  convenient 
means  of  keeping  abreast  with  the  progress  of  thought  in 

all  its  phases It  is  the  best  work  of  its  kind  ever 

published  in  the  countiy,  and  can  liardly  ever  be  improved 
upon.*'--JVbWA  American,  Philadelphia. 

'•  The  prince  among  magazines."— iVcj^  York  Observer. 

"In  it  we  find  the  best  productions  of  the  best  writers 
upon  all  subjects  ready  to  our  hand.  .  .  •  Through  its 
pages  alone  it  is  possible  to  be  as  tlioroughly  well  informed 
m  current  literature  as  by  the  perusal  of  a  long  list  of 
maaOAies.**— Philadelphia  Inquirer. 

"  Its  pages  teem  with  the  choicest  literature  oX  tlie  day." 
—New  York  Tribune, 

"  Its  f  reouent  issue  and  ample  space  enable  it  to  do  fnlly 
what  it  proposes  to  do, — to  give  all  tlmt  the  very  ablest  of 
living  writers  furnish  to  periodical  literature  on  science, 
history,  bic^mphy,  phllosopliy,  i)oetry,  theology,  ix>litlcs 
and  criticism,  and  to  add  to  this  the  full  complement  of 
the  best  tliat  tliere  is  in  Action."— r/<«  Interior,  Chicago. 

"One  cannot  read  ererylliing No  man  will  be 

behind  the  literature  of  the  tUues  who  reads  Tub  Livino 
\CK."—Zion's  Herald,  Boston. 

"Every  weekly  number  iio\v-.i-days  is  equal  to  a  first- 
clnsa  monthly.  For  so.lid  merit,  it  is  the  cheapest  maga- 
zine in  the  land."— 7?^  Advanegf  Chicago. 

"  Gives  the  best  of  all  at  the  price  of  unc."— JV«w  Tork 
Independent, 

"  It  focalizes  the  best  literature  of  the  age. ...  It  is  the 
most  wonderful  weekly  pnbllcatlou  of  whicli  we  have  any 
knowledge."— 5f.  Louis  Observer. 

"  In  no  other  single  publication  can  thfro  be  found  so 
much  of  Rtorlinj?  litciMry  excellence."- J\r.  y.  Evening  Post, 

"  It  has  no  equal  in  uuy  country."— i'/iiVacfe/pAta  Press* 


It  is  a  thorough  compilation  of  what  is  best  in  the  liter- 
atnre  of  the  day,  whether  relating  to  history,  biography, 
fiction.  i>oetry,  wit,  science,  poliucs,  theology,  critidsm, 
or  &TL*'—IIar(/ord  Courant. 

**  There  is  no  other  way  of  nrocnring  the  same  amonnt 
of  excellent  literature  for  anything  like  the  same  piice."— 
Boston  Advertiser. 

*  There  is  no  magazine  published  that  gives  so  general 
a  knowledge  of  what  Is  going  on  in  the  literary  world."— 
Presbyterian  Weekly,  Baltimore. 

*«The  ablest  essays,  the  roost  entertaining  stories,  tlie 
finest  poetry  of  the  English  language  are  here  gathered 
together."— ///j«oi«  State  Journal. 

"  The  reader  finds  little  occasion  to  go  beyond  its  columns 
for  instractlve  or  entei'taining  articles  of, any  description." 
—Boston  Evening  Traveller, 

"  With  it  alone  a  reader  may  fairly  keep  up  with  all  that 
is  important  in  the  literature, history,  politics,  aud  science 
of  the  day."— r/ie  Methodist,  New  York. 

"  To  keen  up  wltli  it,  is  to  master  Uie  best  thought  of  onr 
Umc."— Illustrated  Christian  Weekly,  New  York. 

"its  publication  in  weekly  numbers  gives  to  it  a  great 
advantage  over  its  monthly  contemporaries  in  the  spirit 
and  freshness  of  its  contents."— ^Ae  Pact/fc,  Sanlraa^ 
Cisco, 

"  A  pure  and  perpetual  reservoir  and  fountain  of  enter- 
tainment and  instnictlon."— £fo».  Robert  C,  Winthrop. 

"The  best  and  cheapest  periodical  in  America."-' 
Evangelical  Cliurchtnan,  Toronto. 

••  There  is  notlilug  comparable  to  it  in  true  valne  In  the 
whole  range  of  periodical  Uteraturc."— JMb6»7e  Daily 
Register. 

••^Itis  the  only  compilation  that  presents  witn  A  satisr 
factory  completeness,  as  well  ns  fi-cshiu'»8,  a  literature 
embracing  the  pixKlnctions  of  thuablestaiul  mostcultured 
writers  living.  It  is,  llierefore,  indispensable  to  everi/  one 
who  desires  a  thorough  compendium  qfaUtltat  is  admirable 
and  noteworthy  in  tne  literary  world.**^Boston  Post. 

••Oniilit  to  And  u  pkico  in  every  American  home."— 
Nfw  York  Times. 


Published  Weekly,  at  $8.00  a  ycary>es  of  postage.   An  extra  copy  sent  gratta  to  any  one  getting  np  a 
club  of  five  new  subscribers. 


All  new  subscribers  for  1879  will  receive  gratis  the  six  numbers  of  1878  containing,  with  other  valuabll 
natter,  thefiratparu  of  "Sir  Gibbic,"  a  new  Serial  of  much  interest  by  GKORGE  ]H[ACI>ONAI.B» 
tow  appearing  in  The  Living  Age  from  the  author's  advance  sheets.  Other  choice  new  serials  by  dis- 
Bngnlfthed  authors  arc  engaged  and  will  speedily  appear. 

CLUB  PRICES  FOR  THE  BEST  HOME  AND  FOREIGN  LITERATURE. 

["Possessed  of  *Littell's  Lrvixo  Age'  and  of  one  or  other  of  our  Vivacious  American  montli]iaS|» 
subscriber  wlU  find  himself  in  command  of  the  whole  altuation.**]  -- Philadelphia  Evening  Bulletin. 

For  $10.&0,  The  Living  Age  and  either  one  of  the  four-dollar  monthly  Magazines  (or  Harpei^e  Weekly 
<v£a£ar),  will  bo  sent  for  a  year,  u>i^A/>osto^6/>r<7>aid  on  both;  or,  for  99,50,  The  Living  Age  and  the 
St.  Nicholas,  or  AppUtorV*^  Journal,  both  postpaid. 

-.      Address     .  LITTELLr^  GAY,  i  7  BrcRjfield  St.,  Boston. 
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CONCERNING    ^iZI^;  or,  THE  LIMIT  OP  EFFICIENCY 
OF  HEAT  ENGINES. 


By  J.  F.  Klein,  D.  E., 

Instructor  in  Dynamical  Engineering,  Sheffield  Scientific  School. 

A  thermodynamic  heresy  of  latter  days  having  denied  that  this 
classic  fraction  represents  the  maximum  efficiency  of  all  heat  engines 
irrespective  of  the  nature  of  the  working  substance  employed,  and, 
having  spread  itself  unopposed  far  and  wide  over  the  land  to  the 
injury  and  confusion  of  those  not  well  grounded  in  the  first  principles 
of  thermodynamics,  it  has  been  thought  not  inopportune  to  examine 
the  grounds  on  which  the  aforesaid  heresy  seeks  to  justify  itself  and 
to  restate,  as  simply  as  possible,  the  reasons  for  the  faith  in  the  applica- 
bility of  this  coefficient  of  work  to  all  possible  heat  engines. 

From  a  paper  first  read  to  the  American  Association  for  the 
Advancement  of  Science,  and  afterwards  published,  in  its  "  Proceed- 
ings,'' in  the  Journal  of  the  Franklin  lNSTiTUTE,and  also  in  part 
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and  substance  in  the  Int.  Sci.  Series  and  Pop.  Set.  Monthly*  we  glean 
the  following : 

(1)  The  present  type  of  vapor  engines,  represented  by  the  steam 
engine,  has  an  efficiency,  theoretically  attainable,  which  is  greater  than 

(2)  Gas  engines  have  been  frequently  designed  and  built  whose 
theoretical  efficiency  was  unity, 

(3)  It  is  theoretically  possible  to  have  a  "  new  type  of  steam  engine'' 
which  will  produce  work  without  rejecting  any  heat. 

These  three  forms  of  grievous  error  characterize  the  heresy  and 
shall  be  destroyed,  root  and  branch  ,in  the  latter  parts  of  this  paper, 
the  earlier  parts  being  devoted  to  demonstrating  anew  the  principles 
underlying  the  efficiency  of  all  heat  engines.  These  principles,  expressed 
in  the  form  of  propositions,  are  as  follows : 

Proposition  A. — ^It  is  impossible  for  any  heat  engine  to  perform 
work  by  the  expansion  and  contraction  of  the  volume  of  its  working 
substance  without  rejecting  heat 

Proposition  B. — ^The  efficiency  of  a  reversible  engine,  which  receives 
and  discharges  heat  only  at  its  upper  and  lower  limits  of  temperature 
respectively,  is  not  less  than  that  of  any  other  engine  having  the  saine 
range  of  temperature. 

Corollary  1. — A  reversible  engine  which  receives  and  discharges 
heat  only  at  its  upper  and  lower  limits  of  temperature  respectively  is 
an  engine  of  maximum  efficiency  for  its  range  of  temperature. 

Corollary  2. — A  reversible  engine  which  not  only  receives  and 
discharges  heat  at  its  upper  and  lower  limits  of  temperature  respect- 
ively, but  also  receives  and  discharges  heat  at  intermediate  temper- 
atures in  such  a  way  that  the  amounts  received  and  rejected  at  any 
given  temperature  are  always  equal,  is  an  engine  of  maximum  efficiency 
for  its  range  of  temperature. 

Corollary  3. — ^Tne  maximum  efficiency  of  one  kind  of  reversible 
heat  engine  is  equal  to  that  of  any  other  having  the  same  range  of 
temperature;  or 

*See  Proc.  Am.  Ass.  for  the  Adv.  of  Science,  1877,  Journal  Frakk.  Inst.,  VoL 
CIV.,  pages  252,  325, 389— Growth  of  the  Steam  Engine.  Int.  Sci.  Series,  1878.— Growth 
of  the  Steam  Engine,  Pop.  Sd.  Monthly,  1878.  All  by  Prof.  R.  H.  Thurston.  See  also 
"Theoretical  Steam  Engine,"  by  Chas.  E.  Emery,  Sci.  Am.  Supp.,  July  18, 1877. 
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The  maximum  efficiency  of  an  engine  is  independent  of  the  nature 
of  the  working  substance  employed,  and  is  simply  a  function  of  the 
two  limitB  of  temperature  between  which  the  engine  works. 

Proposition  C. — Other  things  being  equal,  a  reversible  engine  ia 
more  ^cient  than  an  irreversible  one. 

Proposition  D. — The  maximum  efficiency  of  any  heat  engine  is 

represented  by  the  proper  fraction  -1 ?,  T^  and  T^  being  respectively 

the  highest  and  lowest  absolute  temperatures  attainable  by  the  working 
fluid  in  the  engine. 

At  this  point  we  may  be  allowed  to  call  attention  to  the  incomplete 
treatment  given  to  this  matter  of  efficiency  in  the  elementary  treatises 
on  heat.  Corollary  3  is  generally  mentioned,  sometimes  proved  for  a 
particular  case.  Propositions  A  and  B  are  either  tacitly  assumed  as 
self-evident,  or  only  Proposition  B  demonstrated  for  the  common  case 
when  there  are  but  two  reservoirs  of  heat  (boiler  and  condenser).  The 
efficiency  of  engines  having  "  regenerators  "*  is  generally  ignored,  the 
reason  probably  being  that  the  use  of  more  than  two  reservoirs  renders 
the  demonstration  somewhat  more  complicated.  Proposition  C  is  (^ten 
assumed  to  be  identical  .with  a  particular  case  of  proposition  B :  we 
ourselves  have  not  been  able  to  demonstrate  it  rigidly  without  recourse 
to  the  calculus.  Proposition  D  is  easily  obtained  from  the  preceding 
propositions  and  the  sample  formulae  of  proposition  C.  In  the  more 
advanced  treatises  on  heat — ^those  by  Bankine,  Him,  Zeuner  and 
McCulloch — ^all  the  above  principles  follow  readily  from  equations 
established  by  the  aid  of  tlie  calculus.  To  those  not  familiar  with  this 
branch  of  mathematics,  such  deductions  are  not  perfectly  satisfactory, 
and  to  this  class  of  readers  it  is  hoped  most  of  the  demonstrations 
given  will  not  be  without  value. 

Before  demonstrating  the  above  propositions,  we  will  first  define 
what  is  meant  by  a  cyde  in  thermodynamics  and  then  not  only  desmbe 
the  cycles  belonging  to  the  two  theoretically  perfect  engines,  but  also 
-describe  the  cycle  belonging  to  the  more  general  and  imperfect  case. 
Definitions  of  reversibility  and  efficiency  of  engines  will  also  be  given, 
and  the  general  method  of  demonstration  indicated. 

*  This  term  is  applied  in  air  engines  to  a  mass  of  metal  plates  or  network  of  wires 
which  serve  to  absorb  the  heat  of  the  charge  of  air  as  it  is  leaving  the  working  cylin- 
der of  the  engine  and  give  it  up  again  to  the  new  charge  of  air  while  on  its  way  t^ 
receive  a  new  supply  of  heat  from  the  furnace. 
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The  simple  and  fruitful  conception  of  a  cyde  we  owe  to  Carnot.  It 
consists  in  supposing  a  body  which  has  experienced  a  certain  number 
of  transformations  to  be  brought  back  to  identically  the  physical  state 
as  to  density,  temperature  and  molecular  constitution  which  it  possessed 
at  the  beginning  of  the  series  of  changes.  The  initial  and  final  states 
of  the  body  being  the  same,  its  internal  energy  at  the  beginning  and 
end  of  the  cycle  will  be  the  same,  and  any  mechanical  effects  that  may 
have  been  produced  during  the  complete  cycle  of  operation  can  only 
be  ascribed  to  purely  external  thermal  changes.  A  cycle  can  be  repre- 
sented graphically  by  a  series  of  lines  forming  a  closed  curve,  as 
a,  6,  d,  o^a,  (Fig.  1).  When  the  coSrdinates  of  the  diagram  are 
volumes  and  pressures,  a  cycle  may  also  be  called  an  indicator  diagram, 
because  it  represents  not  only  the  changes  of  pressure  and  volume 
experienced  by  the  body,  but  also  the  work  done  by  the  latter. 

The  simplest  of  the  two  perfect  engines  is  that  which  describes  an 
indicator  diagram  called." Carnot's  cycle,^^  ^hich  consists  of  "four 
operations  "  represented  by  the  four  curves,  ah,  6c,  od,  da(Fig.  1).  We 
will  describe  the  four  operations  :  Suppose  a  body  in  the  cylinder  of 
an  engine  to  have  a  volume  om  and  pressure  ma,  and  that  the  temper- 
ature corresponding  to  this  volume  and  pressure  is  <i ;  if  the  body  is 
now  placed  in  communication  with  a  source  of  heat,  M,  at  the  same 
(or  insensibly  higher)  temperature  <, ,  and  be  allowed  to  expand  so 
that  its  temperature  remains  constantly  equal  to  that  of  the  source  Jkf^ 
it  will  perform  the  external  work  mabry  and  will  receive  an  amount  of 
heat  from  if  represented  by  Q^ .  This  ends  the  first  operation,  which 
is  sometimes  briefly  described  by  saying  the  body  receives  heat  along^ 
an  isothermal  ah.  During  the  second  operation  the  source  of  heat  M 
is  supposed  to  be  removed  and  the  body  to  expand  without  transmis- 
sion of  heat  in  the  non-conducting  cylinder  till  its  temperature  has 
fallen  to  that  of  the  refrigerator  JV,  namely,  ^ ;  the  body  will  then 
have  again  done  work  represented  by  rbcs,  but  without  any  trans- 
mission of  heat  to  or  from  external  bodies.  This  operation  is  also 
described  thus :  The  body  expands  along  the  adiabatic  curve  be.  In 
the  third  operation  the  body  is  supposed  to  be  in  contact  with  the 
refrigerator  N,  and  is  then  compressed  by  means  of  a  piston  so  that 
its  temperature  remains  constantly  equal  to  that  of  N.  The  work 
expended  on  the  body  will  then  be  equal  to  cdns,  and  the  heat  with- 
drawn from  the  body  may  be  represented  by  Q^,  which  is  always  less 
than  Qi .     The  compression  is  continued  till  the  body  reaches  a.  state 
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d,  from  which,  by  means  of  the  fourth  operation,  consisting  of  com- 
pression without  thermal  communication  with  external  bodies,  the  body 
may  be  brought  back  to  its  original,  primitive  state  a.  The  work 
expended  in  the  body  along  the  adiabatic  da  will  be  damn,  and  the 
last  two  operations  are  often  briefly  described  as  compression  along  the 
isothermal  ed  and  adiabatic  da.  During  this  cycle  of  operations  a 
quantity  of  heat  Q^ — Q^  has  been  transformed  into  the  work  Tr= 
J{Qx — §o)=area  ofccd,  and  contemporaneously  a  quantity  of  heat  Q^ 
has  been  transferred  from  the  hot  body  J!f  to  the  cold  body  N.  This 
is  a  point  that  has  not  received  in  elementary  treatises  on  heat  the 
attention  that  it  deserved ;  this  quantity  of  transmitted  heat  Q^^  stands 
in  just  as  deflnnite  and  persistent  a  relation  to  the  work  performed  as 
the  transformed  heat  Q^ — Qq  .  It  cannot  be  too  strongly  insisted  upon 
that  whenever,  in  a  cyclical  process,  mecluuiical  effect  is  produced  we 
always  have  not  only  a  diaappeara/me  of  heat  equal  to  the  work  per- 
formed, but  a  transmission  of  heat  from  a  hot  body  to  a  cold  body. 
This  being  true,  the  working  fluids  which  actuate  our  heat  engines, 
must  also  serve  as  mediums  for  the  transmission  of  heat,  and  must, 
therefore,  not  only  receive  heat,  but  reject  heat.  Carnot,  endeavoring 
to  explain  how  work  was  obtained  from  heat,  called  attention  to  the 
fact  that  the  performance  of  work  in  steam  and  air  engines  was  always 
accompanied  by  a  transmission  of  heat.  His  assumption  of  the 
Caloric  theory,  however,  led  him  into  the  error  of  supposing  that  all 
heat  received  would  be  rejected ;  that,  as  much  heat  would  be  found 
in  the  condenser  as  had  been  received  by  the  boiler,  and,  therefore,  that 
the  performance  of  work  was  due  to  the  mere  transmission  of  heat.  We 
now  know  that  this  was  only  an  approximation  to  the  truth,  that  of 
the  heat  received  by  the  working  substance  a  part  is  transformed  into 
work  and  the  remainder  transmitted  to  a  colder  body. 

Before  demonstrating  the  correctness  of  this  assertion,  we  will  call 
attention  to  another  of  Carnot's  fruitful  conceptions :  The  reversible 
cycle,  which  consists  in  supposing  the  working  substance  employed  in 
the  theoretical  engine  to  pass  through  such  a  series  of  transformations 
that  the  physical,  chemical  and  mechanical  changes  that  may  accom- 
pany or  cause  them  can  take  place  in  the  opposite  sense  when  the 
engine  is  reversed ;  then,  if  while  the  engine  is  running  forward,  the 
result  of  the  cycle  of  operations  abcda  is  the  production  of  an 
amount  of  work  W,  the  disappearance  of  a  quantity  of  heat  Q^ — §o, 
and  the  transmission  of  the  heat  Qq  from  the  source  J!f  to  the  refrige- 
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rator  N,  the  result  of  the  reversed  cycle  adeba  will  be  the  expenditure 
hi  an  equal  amount  of  work  W,  the  generation  of  an  equal  quantity 
of  heat  §1 — Qo  ^^d  *he  transmiasion  of  the  heat  Q^  from  the  cold 
body  N  to  the  hot  body  M,  For,  when  the  cycle  is  reversed,  the 
working  substance  receives  back  from  its  former  refrigerator  ^an 
amount  of  heat  Q^  equal  to  that  discharged  into  ^during  the  first  or 
forward  set  of  operations  and  gives  up  to  the  source  M  a  quantity  of 
heat  Qi  equal  to  that  previously  received.  This  conception  of  reversi- 
bility is  a  purely  ideal  one  and  can  never  be  realized  completely  by  an 
actual  engine,  for  it  requires  that  the  temperature  of  the  working 
substance  should  not  be  sensibly  different  from  those  of  the  external 
bodies  with  which  it  is  brought  into  thermal  communication,  and  that 
its  expansive  force  should  not  be  sensibly  different  from  the  external 
pressure  to  which  it  is  opposed. 

Carnot's  cycle,  which  we  have  been  hitherto  considering,  is  of  great 
interest  because  it  represents  the  simplest  perfect  engine ;  in  it  only 
two  reservoirs  of  heat — the  source  ilSfand  the  refHgerator  ^ — are  in 
thermal  communication  with  the  working  substance,  and  keep  the 
latter  at  constant  temperature  while  transfer  of  heat  is  taking  place,, 
the  necessary  fall  and  rise  of  temperature  being  respectively  accom- 
plished by  the  expansion  and  contraction  of  the  volume  without  any 
thermal  communication  with  external  bodies.  In  graphical  thermody- 
namics this  is  briefly  expressed  by  saying  that  Carnot's  cycle  is  com- 
posed of  two  isothermal  and  two  adiabatic  curves. 

There  are,  however,  an  infinite  number  of  cycles  or  diagrams 
composed  of  only  four  curves,  which  also  represent  theoretically 
perfect  engines.  Two,  ab  and  ef  (Fig.  1),  of  these  four  curves,  as  in 
"Carnot's  cycle,''  are  isothermals;  the  other  two,  be  and  af,  are  called 
by  Rankine  isodiabaJtics,  and  represent  the  changes  of  volume  and 
pressure  of  the  working  fluid  when  respectively  discharging  and 
receiving  heat  at  temperatures  lying  between  the  extremes.  They  are 
always  found  in  pairs,  being  inseparably  connected  by  the  condition 
diat  the  heat  discharged  by  the  fluid  at  one  temperature  must  be 
exactly  equal  to  that  received  by  it  when  at  the  same  temperature,  or,, 
referring  to  the  diagram,  this  condition  may  be  expressed  by  saying 
that  the  heat  discharged  along  the  element  /,  lying  between  the  isother- 
mals V  and  ^",  must  be  exactly  equal  to  that  received  along  h  But,, 
in  order  that  this  condition  may  be  fulfilled  and  the  series  of  changes 
represented  by  be  and  af  be  reversible,  more  than   two  reservoirs  of 
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Fig.  1. 


heat  are  needed — an  indefinite  number,  in  fact — one  for  each  tempeiv 
ature.  One  reservoir  may  then  be  made  to  do  duty  both  as  a  source 
and  as  a  refrigerator,  receiving  as  much  as  it  imparts  and  having  at 
the  end  of  the  operation  as  much  heat  as  at  the  beginning.  In  such  a 
cycle  the  heat  expended  and  rejected  will  (as  in  Carnot's  cycle)  be  that 
which  is  furnished  and  abstracted  by  the  reservoirs  M  and  N  along 
the  isothermals  ab  and  ef.  We  will  hereafter  prove  that  the  efficiency 
of  an  engine  having  the  indicator  diagram  abef  is  equal  to  that 
-describing  Garnet's  cycle,  or  diagram  aAod.* 

The  two  cycles  hitherto  de- 
scribedhave  been  chosen  because 
of  their  simplicity  and  because 
they  represent  the  cmly  two 
classes  of  engines  whose  effi- 
ciency is  equal  to  the  maximum. 

As  may  be  easily  imagined, 
there  are  an  infinite  number  of 
others  whose  working  fluids  re- 
ceive and  discharge  heat  at 
temperatures  lying  b^ween  the 
available  extremes,  without  necessarily  receiving  and  discharging  equal 
amounts,  and  which  have  numerous  reservoirs  not  necessarily  at  the 
same  temperature  as  the  working  substance  during  the  transfer  of  heat. 
The  indicator  diagram,  aboda  (Fig.  2),  may  be  taken  as  the  repre- 
sentative of  such  an  engine.  In  this  case,  as  in  every  other,  the  effi- 
ciency is  measured  by  the  ratio 

W  __  Work  done  .^^ 

JQi        Heat  expended  (ft.  lbs.) 

In  the  simple  cycle,  aboda  (Fig.  1),  the  heat  expended  is  identical 
with  the  total  heat  received  by  the  working  substance,  and  the  heat 
permanently  rejected  with  the  total  amount  abstracted ;  but  in  oAefa 
(Fig.  1)  we  no  longer  find  this  to  be  the  case,  the  heat  expended  and 

*  One  of  the  isodiabatic  curves  may  be  arbitrarily  assumed  and  the  other  obtained 
by  combining  the  above  condition  with  the  equation  expressing  the  relation  betweeen 
the  volume,  pressure  and  temperature  of  the  working  fluid  employed.  The  adia- 
batics  are  only  a  particular  case  of  the  iso-diabatics ;  that,  namely,  in  which  the 
transmission  of  heat  equals  zero,  and  since  the  former  are  often  and  properly  called 
curves  of  no  transmission  of  heat,  the  latter  may,  in  the  above  limited  sense,  be  called 
curves  of  equal  transtnission  of  heat. 
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rejected  being  respectively  equal  to  the  heat  lost  by  the  reservoir  at  the 
highest  temperature  and  that  gained  by  the  reservoir  at  the  lowest 
temperature,  the  losses  of  all  the  intermediate  ones  being  balanced  by 
their  gains.  In  the  general  case  represented  by  ofccda  (Fig.  2)  we 
must  in  like  manner  be  careful  to  distinguish  between  the  heat 
expended  and  the  total  heat  received  by  <he  working  substance,  also 
between  the  total  amount  of  heat  abstracted  and  that  part  of  it  whidi 
is  rejected,  never  to  be  again  used  in  subsequent  cycles.  Since  we  are 
here  seeking  to  determine  the  conditions  of  maximum  eflSciency,  we 

will  suppose  our  engines  to 

*^'   '  run    without   friction,    that 

\^  there  are  no  leakages  of  heat 

\l      ^^-^^^  due  to  imperfect  protection 

\^^'  ^^^?^^^;^-;  against  induction  and  radia- 

^V^--.^ry?^^^,^^  tion,  and  that  no  losses  OGCur 

Y"^-^2^i^^  which  are  due  to  permanently 

^"^^V^  \  ^^^--^ ^fi\—^t'!  rejecting  heat  capable  of  par- 

^^^^[[^^^^'V^^      ^^^^T-'to  tially  or  completely  compen- 

^^^^sss^v^    ^'\^^^^-\^_ ^j  sating  the  intermediate  reser- 

"         ^^^ — ^1::::.       .       voirs  for  their  losses  of  heat. 

Assuming  that  all  these 
sotux;es  of  loss  have  been  removed,  we  can  now  define  the  quantity  of 
heat  expended  in  a  cyclical  process  to  be  that  quantity  which  is  equiva- 
lent to  the  work  done  plus  the  heat  permanently  rejected ;  expressed 
analytically,  this  is 

JQi=  W+JQo  (2) 

which  can  also  be  written 

W=J{Q,-Q,)  (3) 

where  /  represents  the  mechanical  equivalent  of  heat,  and  Eq.  (3)  the 
law  of  the  equivalence  of  heat  and  work  when  applied  to  cyclical 
processes.  This  will  perhaps  be  more  evident  if  we  introduce  into 
Eq.  (3)  the  t/erms  which  have  disappeared  because  of  theabove-men- 
tioned  compensation;  then 

W=JlQ,  +  q-{q+Q,)^  (4)' 

when  Qi  +  q  represent  the  total  amount  of  heat  received,  and  q  + 
Qq  the  total  amount  rejected  by  the  working  substance. 

In  demonstrating  the  propositions  given  at  the  beginning  of  this 
article  we  shall  only  make  use  of  two  principles,  which,  though  simple, 
are  the  foundation  of  the  whole  Science  of  Heat.     They  are 
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Fig.  3. 


I.  "  When  work  is  transformed  into  heat,  or  heat  into  work,  the 
quantity  of  work  is  mechanically  equivalent  to  the  quantity  of  heat/' 

II.  "  It  is  impossible  for  a  self-acting  machine,  unaided  by  any 
external  agency,  to  convey  heat  from  one  body  to  another  at  a  higher 
temperature/'* 

These  two  principles  are  sometimes  called  the  first  and  second  laws 
of  thermodynamics ;  in  the  form  here  given  they  are  simply  "  the 
condensed  expression  of  experimental  facts." 

Proposition  A. — It  is  impomhle  for  any  heat  engine  to  perform  work 
by  the  eoopanmon  cmd  contraction  of  the  volume  of  its  tvorking  subsimice 
vnthmit  rejecting  heat, 

Let/8(Fig.  3)  represent  the  indicator  diagramf  of  an  engine  which  rejects 
no  heat  and  yet  performs 
work,  its  range  of  tempera- 
ture being  t^,  t^.  In  like  man- 
ner, let  R  be  the  diagram  of 
a  reversible  engine  whidi^ 
receives  all  its  heat  at  the 
temperature  ^  >  ^  and  re- 
jects heat  at  any  tempera- 
tures equal  to  or  less  than  t^. 
Let  K  be  the  source  from 
which  R  draws  its  heat,  N 
the  reservoir  or  refrigerator 
into  which  it  discharges  heat,  and  M  the  source  or  sources  of  heat  for 
^fl^,  with  temperature  equal  or  less. than  ^.  When  both  R  and  Save 
performing  work,  let  the  work  produced  by  iJ  be  equal  to  that  pro- 
duced by  S;  then 

Wi  =  work  performed  by  engine  R 
W,^=  "  "  8 

Q^     =  heat  furnished  to  engine  R  by  K 
4'    =        "  ''        8   ''  M  , 

Qq     =  heat  abstracted  from  engine  R  by  N 

When  engine  R  is  reversed  we  have 

*  This  principle  was  first  enunciated  by  Clausius  in  this  slightly  different  form, 
'*  Heat  cannot,  of  itself,  pass  from  a  colder  to  a  wanner  body." 

fThe  diagrams  used  in  all  the  demonstrations  are  for  the  purposes  of  illustration 
and  abbreviation,  not  for  graphical  demonstration. 


Digitized  by 


Google 


164  Klein — Heat  Ungines.  [Jour.  Frank.  Inst, 

TFj  =  work  expended  on  engine  jB 
§0   =  heat  furnished  to         "       "  by  N 
4   =     "    abstracted  from    "       "    "  K 
In  either  case  the  values  of  Q^y  Qq  and  W^  are  the  same^  and  we 
have  from  our  first  principle : 

and  if  8  can  perform  work  without  rejecting  heat 

and  since  W,  =  W,'  =  J{Q,  ^  Qo)  ^  J  Qi 

we  have  Qy=  Q^  +  Qi 

Now  suppose  the  two  engines  to  be  so  combined  that  8  will  drive  K 
backward,  the  latter  will  then  transform  the  work  expended  on  it  into 
the  heat  Q^^,  and  will  also  abstract  the  heat  Qq  from  the  refrigerator  N 
and  transmit  both  quantities  of  heat  Qi  to  the  reservoir  K  at  the 
temperature  ^  >  f i  >  t^.  Since  the  work  expended  in  running  one 
engine  is  exactly  balanced  by  the  work  developed  in  the  other,  we  have 
here  a  self-acting  machine,  which,  unaided  by  any  external  agency, , 
transmits  heat  from  two  colder  reservoirs,  J!f  and  iV,  to  a  hotter  reser- 
voir, K,  which  is  contrary  to  our  second  principle ;  therefore  the  hypo* 
thesis  that  any  heat  engine  can  perform  work  in  a  cyclical  process  with- 
out rejecting  heat  is  false,  which  was  to  be  proved. 

Remark. — It  should  be  noticed  that  the  result  of  the  combination" 
involves  no  contradiction  of  the  first  principle;  for  the  heat  Q^  gained 
by  the  reservoir  K  is  exactly  equal  to  the  heat  Qq  -f  Q^^  lost  by  the 
reservoirs  ^and  M. 

Proposition  B. — The  efficienc}/  of  a  reversible  engine  which  receives 
and  repeats  heat  only  oi  its  upper  and  lower  limits  of  temperature^  respec- 
tively, is  NOT  LESS  than  thai  of  any  other  engine  having' (he  sam^e  range 
of  temperature. 

Let  the  reversible  engine,  which  receives  and  dischai^es  heat  at  the 
highest  and  lowest  temperatures,  t^,  t^,  respectively,  be  represented  by 
R,  and  have  for  its  indicator  diagram  mbnd  (Fig.'  2),  and  let  any  other 
engine  having  the  same  range  of  temperature  be  represented  by  8,  and 
have  an  indicator  diagram  of  any  form,  as  ahcda  (Fig.  2),  but  included 
between  the  isothermals  t^  an  t^. 

Suppose  that  besides  the  two  reservoirs  of  heat  (Jf  and  N),  at  the 
highest  lowest  temperatures  (t^y  <o,  respectively)  there  are  an  indefinite 
number  of  intermediate  reservoirs  (ifj^  Jf/'  ....  Nq^)  which  while 
transferring  heat  may  or  may  not  be  at  the  same  temperature  as  the 
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working  substance,  according  as  the  cycle  abeda  is  reversible  or  irre- 
versible.    Now  suppose  both  engines  to  perform  work,  and  that 

w  =  work  performed  by  engine  R 

W=  "  ''         8 

Qi   =  heat  received  by  R  from  M 

q^   =z     "    abstracted  from  Rhy  N 

4  +  §  =  total  heat  received  hy  8  from  M,  M^^ N^^ 

Q^  +  Q=         «         abstracted  from  8hy  Ny  N^ Jf/ 

Qi  =  heat  expended  in  driving  8 

Qq  =     "    permanently  rejected  by  8 

§  =    *^    not    "                "  " 

=     "    returned  to  Jf / N^^ 

When  the  engine  R  is  reversed  it  no  longer  performs  but  consumer 
work,  transforming  that  expended  in  driving  it  into  heat,  which  it 
delivers  to  M;  it  also  abstracts  heat  from  the  coldest  reservoir,  iV,  and 
delivers  it  to  the  hottest  reservoir,  M;  in  this  case  {R  reversed) 

w  =  work  expended  in  driving  R 
5o  =  heat  received  by  R  from  N 
Qi  =     "    abstracted  from  jB  by  J!f 
In  either  case  the  values  of  w,  q^  and  q^  are  the  same,  and  we  have 
from  our  first  principle 
«,  =  J{q,-  q,)  and  W=  JIQ,  +  Q  -{Q+  $,)]  =  JiQ,  -  Q,) 
Now  if  it  be  denied  that  the  eflSciency  of  i?  is  not  lean  than  that  of 
8,  we  must  have 

w  W 

Jq,  <  JQ, 

This,  we  will  show,  leads  to  a  contradiction  of  our  second  princi* 
pie;  for  suppose  the  work  that  can  be  performed  by  the  reversible 
engine  iJ  to  be  exactly  equal  to  that  performed  by  8,  then  if  the  two 
engines  are  coupled  together  so  that  8  drives  R  backward,  the  whole 
work  performed  by  8  will  be  expended  in  driving  R  and  will  be  trans- 
formed in  the  working  substance  of  the  latter  into  heat,  which  is  finally 
delivered  to  the  hottest  reservoir,  if.  Besides  transforming  work  into 
heat,  the  engine  R  abstracts  heat  equal  to  q^  from  the  coldest  reservoir, 
Nj  and  transfers  it  to  the  hottest  reservoir,  if.  The  total  amount  of 
heat  delivered  by  iZ  to  if  will  then  be 
W 
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There  is  a  part  {Q^  of  the  total  heat  abstracted  {Q^  +  Q)  from  the 
working  substance  of  8,  which  must  be  regarded  as  permanently 
rejected  by  the  engine  because  it  cannot  assist  in  diminishing  the  expen- 
diture of  heat  in  subsequent  cycles  equal  and  similar  to  abcdxi.  Now 
suppose  that  after  the  engine  8  has  completed  its  cycle,  the  permanently 
rejected  heat  ( Q^  be  allowed  to  flow,  by  c<mdu(stwn  or  radiation  into  the 
coldest  reservoir,  N^  and  that  the  remaining  part,  Q,  of  the  total  heat 
abstracted  be  also  allowed  to  flow  by  cmvdudtion  or  radiation  into  these 
reservoirs  {M^  J!f/'  ....  N^^  of  intermediate  temperature,  which  have 
lost  heat  by  supplying  it  to  the  working  fluid  of  the  engine  8.  If  this 
<}ompensating  process  be  so  conducted  that  the  restoration  of  heat  takes 
place  between  reservoirs  as  nearly  as  possible  of  the  same  temperature, 
the  heat  restored  {Q)  will  be  a  maximum  for  the  given  cycle  abcda, 
and  the  heat  permanently  rejected  (Q^)  a  minimum.  The  final  result 
of  this  procedure  is  that  at  the  end  of  the  cycle  abcda  every  reservoir 
in  thermal  communication  with  the  working  substance  of  the  engine  Sy 
except  the  coldest  one  (iV),  will  either  be  in  the  same  condition  that  it 
was  originally,  or  will  have  lost  heat.  Only  the  coldest  reservoir  {N) 
will  have  gained  heat,  and  this  only  to  the  extent  (Qq)  —  the  mini- 
mum amount  of  permanently  rejected  heat. 

It  will  be  remembered  that  in  consequence  of  the  denial  of  our 
present  proposition  we  obtained 

w  W 

If  we  combine  this  inequality  with  the  equation 

w=W=J{q,-q,)=J{Q,^Qo) 
we  get  Qi<?i  and  $o<?o 

That  is,  the  heat  gained  {Q^  by  the  coldest  reservoir  (N)  is  less  than 
the  heat  (jq)  which  it  loses,  the  diflerence  {Qq — q^)  having  been  trans- 
ferred to  the  hottest  reservoir  (M).  The  losses  suffered  by  the  various 
reservoirs  of  8  will  then  be 

and  the  gain  experienced  by  JIf, 

?i 
The  preceding  equation  shows  us  that  these  two  expressions  are  exactly 
equal ;    there  has,  therefore,  been  no  destruction  or  creation  of  heat 
energy,  which  is  in  accordance  with  our  first  principle.      But  in  our 
combination  of  engines  the  work  expended  is  exactly  equal  to  that 
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produced,  and  we  have  here,  therefore,  a  self-acting  machine  which, 
unaided  by  external  agency,  is  capable  of  transferring  heat  from  the 
colder  bodies  J!f/,  -M"/',  ....  ^to  the  hotter  body  My  which  is  contrary 
to  our  second  principle,  "  Heat  cannot,  of  iteelf,  pass  from  a  colder  to 
a  warmer  body."     Therefore  the  supposition  that 

w    ^    W 
Jqi      JQ, 
is  false,  which  was  to  be  proved. 

Kemark. — It  should  be  noticed  that  the  foregoing  demonstration  is 
applicable  whether  /S  be  a  reversible  or  irreversible  engine,  for  only 
R  is  reversed. 

Corollary. — A  reversible  engine  which  receives  and  'discharges  heat 
only  at  its  upper  and  lowet^  limits  of  temperature^  respectively ^  is  an  engine 
of  maodmum  effi/Aency  for  its  range  of  temperature. 

This  corollary  is  an  immediate  consequence  of  the  proposition  jqst 
demonstrated,  for  since  the  efficiency  of  U  is  not  less  than  the  most 
efficient  of  all  the  possible  engines  represented  by  /S,  it  must  be  equal 
or  greater,  and  R  is  therefore  an  engine  of  maximum  efficiency  for  the 
given  range  of  temperature. 

Corollary  2. — A  reversible  engine  which  not  only  receives  and  dis- 
charges heat  at  its  upper  and  lower  limits  of  temperature,  re^edivdyy 
but  also  receives  and  discharges  heat  at  intermediate  temperatures  in  such 
a  way  tliat  the  amownts  received  and  r^ected  at  any  given  temperature 
are  always  equals  is  an  engine  of  maximum  efficiency  for  its  range  of 
temperature. 

It  will  only  be  necessary  to  prove  that  the  efficiency  of  the  rever- 
sible engine  contemplated  by  the  present  corollary,  and  which  we  will 
call  S^y  is  equal  to  that  of  i2,  which  has  just  been  shown  to  be  an  en- 
gine of  maximum  efficiency  for  its  range  of  temperature. 

Since  S^  is  only  a  particular  case  of  the  general  engine  /S  of  proposition 
B,  it  follows  from  that  proposition  that  the  efl^ciency  of  S^  cannot  be, 
greater  than  that  of  i2,  and  we  have  now  only  to  prove  that  8^  can- 
not be  less  than  R. 

Suppose  8^  is  less  than  i2,  then  we  must  have : 

W,'  w  , 

< 


Now  let  i2  be  so  chosen  that  it  will  perform  the  same  amount  of 
work  as  S^y  and  theUv  couple  the  two  together  soJbhat  the  one  supposed 
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to  be  most  efficient  will  drive  the  other  backward,  i.  e.y  R  drivcB;. 
then^  by  reasoning  exactly  like  that  of  proposition  B,  we  can  show  that 
the  quantity  of  heat  in  the  intermediate  reservoirs  of  8^  will  be  the 
6ame  at  the  end  of  the  cycle  as  at  the  b^inning,  and  that  the  only 
change  that  has  taken  place  is  the  transfer  of  heat  from  the  coldest 
reservoir  N  to  the  hottest  Jf  by  a  self-acting  machine  unaided  by 
external  agency,  which  is  contrary  to  the  second  principle  and  conse- 
<iuently  the  supposition  that  the  efficiency  of  8^  ean  be  less  than  that 
of  R  is  false^  and  since  it  is  not  greater,  w^e  must  conclude  that  the 
-efficiency  of  8^  is  equal  to  that  of  i?,  in  other  words,  /S^  is  an  engine  of 
maximum  efficiency  for  its  range  of  temperature,  which  was  to  be 
proved. 

Corollary  3. — The  maadmum  ^jiciency  of  one  kind  of  reversible  heat 
mgine  is  equal  to  that  of  any  other  having  the  same  range  of  temperatwre  / 

The  maadmum  efficiency  of  an  engine  is  independent  of  the  nature  of 
the  working  substance  employed^  and  is  simply  a  function  of  the  two  limits 
iff  temperature  between,  which  the  engine  works. 

The  previous  propositions  and  corollaries  apply  equally  well  to  all 
heat  engines  whatever,  for  they  contain  no  limiting  conditions  which 
would  restrict  them  to  any  particular  working  substance.  It  has  been 
thought  desirable,  however,  to  emphasize  this  point  in  the  present  cor- 
ollary. Here,  therefore,  different  kinds  of  heat  engines  must  be  under- 
stood as  meaning  engines  difiering  only  in  the  working  substances 
•driving  them,  moreover  the  maximum  efficiency  of  one  kind  of  heat 
•engine  must,  in  accordance  with  corollary  1,  be  understood  to  mean  the 
■efficiency  of  that  kind  of  engine  when  receiving  and  discharging  heat 
•only  at  its  upper  and  lower  limits  of  temperature;  thus  understood,  the 
two  forms  of  this  corollary  become  equivalent,  and  one  demonstration 
will  answer  for  both.  If  either  be  denied,  it  will  follow  that  the  max- 
imum efficiency  is  not  constant,  being  greater  for  certain  kinds  of  heat 
-engines  than  for  others;  it  will  then  be  easy  to  show  by  methods pre- 
•cisely  analogous  to  those  already  employed  that  a  result  will  be  arrived 
;at  contrary  to  the  oft-quoted  second  principle. 

Proposition  C. — Other  things  being  eguaiy  a  reversible  engine  is  more 
^ffioient  than  an  irreversible  one. 

It  will  be  remembered  that  aii  engine  was  defined  as  irreversible 
when  the  temperature  of  its  working  substance  differed  sensibly  from 
that  of  the  external  bodies  with  which  it  was  brought  into  thenm^ 
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<K)mmunicationy  or  when  the  expansive  force  differed  sensibly  from 
the  external  and  opposing  force. 

When  the  first  of  these  conditions  of  irreversibility  only  is  present, 
it  is  easy  to  show  by  the  foregoing  methods  that,  other  things  being 
equaly  a  reversible  engine  is  always  more  efficient  than  an  irreversible 
one ;  but  when  the  latter  condition  is  present  these  methods  are  no  longer 
applicable^  for  there  is  then  either  friction  among  the  particles  of  the 
working  substance  or  sensible  motion,  either  of  which  will  produce 
heat,  but  the  influence  of  which  on  the  efficiency  it  is  not  easy  to 
ascertain  without  recourse  to  analytical  methods.  Before  employing 
these,  however,  we  will  say  that  generally  in  an  irreversible  engine  the 
external  opposing  force  is  less  during  expansion  and  greater  during 
compression  than  the  expansive  force  of  the  working  substance ;  the 
external  woA  performed  in  an  irreversible  engine,  for  a  given  quantity 
of  heat  expended,  will  therefore  be  less  than  if  these  opposing  forces 
were  equal  as  in  the  reversible  engine. 

The  formulae  which  are  to  aid  us  in  demonstrating  the  present  and 
following  propositions,  are  those  which  are  now  well  established  as  the 
analytical  expressions  of  the  two  fundamental  laws  of  the  mechanical 
theory  of  heat  when  applied  to  cyclical  processes.     They  are : 
I.  W=J2'Q  II.  Jdg<  ^ 

Where 

W  =  work  done  during  a  cycle 
-\-Q  =:  heat  received  by  working  fluid 
—  Q  =  heat  abstracted  from  working  fluid 
-{-dQ  =  increment  of  heat  at  absolute  temperature  T 
— dQ  =  decrement  of  heat  at  absolute  temperature  T 
In  expression  II.  the  sign  of  inequality  belongs  to  irreversible  cycles, 
and  that  of  equality  to  reversible  ones ;  the  integral  sign  extends  over 
all  those  portions  of  the  cyclical  process  at  which  heat  is  received  or 
abstracted  by  the  working  fluid.     Then,  if  as  before  we  let 
Qi  =  heat  permanently  expended. 
q  =  heat  received  and  restored. 
Qq  =  heat  permanently  discharged. 
Ti,  Tq  =  absolute  temperatures  corresponding  to  Q^  and  Q^ 
^i;  ^0  =  absolute  temperatures  of  q  when  respectively  received 
and  restored. 
Expressions  I.  and  II,  will  then  become : 
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rdQi  r  dq    __    r  dq    _    rdQ^  <  ^      jj  j 

Equation  I.^  shows  us  that  for  a  given  quantity  Q^  of  heat  expended 
TFwill  be  a  maximum  when  Qq  is  a  minimum.  From  formula  11.^  wecan 
determine  one  of  the  conditions  which  will  make  Qq  a  minimum,  for, 
transposing,  we  have 

This  equation  shows  us  that  other  things  being  equal,  Q^  will  be 
least  (and  consequently  the  eflSciency  greatest)  when  the  sign  of  equal- 
ity is  employed,  L  e.y  when  the  process  is  a  reversible  one,  which  was  to 
be  proved. 

Proposition  D. — The  maximum  effiobency  of  any  heat  engirt  is  repre- 
sented by  the  proper  fraxstion 

Tr 
Ti  and  Tq  being  respectivdy  the  highest  and  lowest  ahsolvte  temperatures 
attainable  by  the  working  fluid  in  the  engine. 

It  was  established  in  corollary  1  that  when  q  =  0  and  Q^  Q^  are 
respectively  received  and  discharged  at  the  highest  and  lowest  attain- 
able temperatures,  the  efficiency  of  the  engine  would  be  a  maximum. 
From  corollary  2  we  have  that  when  r^  =  t^  and  Q^y  Qq,  are 
respectively  received  and  discharged  at  the  highest  and  lowest  attainable 
temperatures,  the  efficiency  of  the  engine  is  also  a  maximum.  Intro- 
ducing either  of  these  sets  of  conditions  of  maximum  efficiency  into 
Equation  II.  we  get 

_^  _  _§j_  n.» 

substituting  for  Q^  in  Equation  I.  its  value  obtained  from  Equation 
II.",  and  reducing  we  get 

w '_  t^-Tq  in. 

Where equals  the   maximum  efficiency  of    any  kind  of   heat 

JQi 
engine,  and  T,,  T^  equal  the  highest  and  lowest  absolute  tempera- 
tures attainable  by  the  working  fluid  in  the  engine.     Q,  E.  D. 

(To  be  continued.) 
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BOILER  EXPERIMENTS. 


An  account  of  some  experiments  made  in  1873,  at  the  Washington  Navy  Yard,  on  the  Sfeet 
diameter  cylindrical  boiler  used  with  compound  engines  in  several  steamei's  of  the  United 
States  Navy, 


By  Chief  Engineer  Isherwood,  U.  S.  Navy. 


As  it  is  necessary  in  war  steamers  that  the  entire  machinery  be  placed 
below  their  water  line,  the  height  of  their  boilers  in  small  vessels  is, 
consequently,  greatly  restricted,  and,  in  many  such  vessels  of  the  United 
States  Navy,  8  feet  were  all  that  could  be  obtained.  When  the  boilers 
were  to  furnish  high  pressure  steam  for  a  compound  engine,  their  shells 
had  to  be  cylindrical  and  of  this  diameter,  and  it  was  diflBcult  in  so 
small  a  circle  to  obtain  a  satisfactory  arrangement  of  the  furnace  and 
tubes.  The  plan  of  boiler  finally  adopted,  is  the  one  shown  in  the 
sketch  accompanying  this  paper,  and  three  experiments  were  made  with 
it  at  the  Washington  Navy  Yard  by  Chief  Engineers  Loring  and 
Baker,  of  the  United  States  Navy,  to  determine  the  effect  upon  its 
absolute  and  economic  vaporizations  produced  by  the  two  modifications 
of  the  tube  surface  and  calorimeter  hereinafter  described.  These  exper- 
iments are  the  only  ones  ever  made  on  the  evaporative  efficiency  of 
boilers  of  this  type  with  the  given  proportions,  and  as  several  steamers 
of  the  United  States  Navy  are  fitted  with  them,  it  is  of  interest,  in 
view  of  a  comparison  of  the  cost  of  the  horse-power  developed  by  their 
engines  in  pounds  of  coal  consumed  per  hour,  to  know  the  weight  of 
water  vaporized  per  pound  of  coal. 

An  important  practical  evil  of  boilers  of  this  small  diameter  at  once 
developed  when  they  were  put  in  use,  namely  an  incorrigible  tendency 
to  "  prime"  or  "  foam,''  which  required  the  throttle  valve  to  be  nearly 
always  carried  very  much  closed ;  and,  when  only  a  portion  of  the 
boilers  of  a  vessel  were  employed,  the  smaller  that  portion,  the  closer 
had  the  throttle  to  be  closed.  A  very  high  pressure  was  thus  required 
in  the  boiler  to  furnish  a  very  moderate  one  in  the  cylinder,  involving 
all  the  undoubted  disadvantages  of  high  pressure  steam,  while  none  of 
its  presumed  advantages  could  be  obtained.  The  excessive  strain  on 
the  boiler  and  the  excessive  temperature  in  the  fire-room,  produced  by 
the  high  pressure  steam,  were  fully  realized ;  but  neither  the  supposed 
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benefit  of  a  large  measure  of  expansion  for  this  very  high  pressure 
could  be  had,  nor  the  unquestionable  benefit  of  a  relatively  small  baek 
pressure  against  the  piston,  due  to  a  high  average  total  pressure  upon 
it  during  its  stroke. 

The  tubes  were  secured  in  the  tube-plates  by  means  of  screw  ferrules 
of  brass  1 J  inches  long,  on  the  outer  circumference  of  whidh  a  thread 
was  cut  fitting  into  a  corresponding  thread  cut  on  the  inner  circumfer- 
ence of  the  tube.  The  ferrule  at  the  back  end  of  the  tube  had  a 
shoulder  which  fitted  against  the  outside  of  the  tube-plate,  the  end  of 
the  tube  fitting  against  the  inside  and  forming  a  shoulder  there,  so  that 
when  the  ferrule  was  turned  by  means  of  a  wrench  on  the  outside,  the 
shoulders  of  the  ferrule  and  of  the  tube  were  compressed  against  the 
tube-plate.  The  ferrule  at  the  front  end  of  the  tube,  for  the  thickness 
of  the  tube-plate,  had  a  diameter  greater  than  the  outside  diameter  of 
the  tube,  and  on  the  circumference  of  this  greater  diameter  a  thread 
was  cut  fitting  into  a  corresponding  thread  cut  in  the  tube-plate :  by 
means  of  these  threads  the  ferrule  was  screwed  into  the  tube-plate, 
while  simultaneously  it  was  screwed  into  the  tube  by  means  of  tiie 
threads  previously  described  cut  on  the  inner  circumference  of  the  tube 
and  on  the  outer  circumference  of  the  ferrule  where  its  diameter  was 
least  By  unscrewing  the  ferrules  at  both  ends  of  a  tube,  the  latter 
could  be  drawn  out  without  injury  for  examination  or  cleaning ;  or  for 
convenience  in  examining,  cleaning  or  repairing  the  inside  of  the  boiler 
shell.  This  was  the  purpose  of  the  design  which,  however,  signally 
failed  in  the  application,  as  after  a  short  subjection  to  the  high  temper- 
ature of  the  gases  of  combustion,  the  fittings  were  so  warped  and  altered 
that  the  screws  became  inoperative,  and  the  removal  of  the  tubes 
involved  the  destruction  of  both  them  and  the  ferrules.  This  very 
expensive,  useless  and  unpractical  method  of  securing  the  tubes  in 
their  plates,  was  originally  a  French  invention  and  had  been  tried  in 
the  boilers  of  several  French  steamers,  but  its  use  had  long  been  dis- 
continued before  its  application  to  the  boilers  of  any  United  States 
Naval  steamer. 

As  regards  the  experiments,  it  is  regrettable  that  they  were  not  con- 
tinued for  a  longer  time  than  twelve  hours  each,  which  is  far  shorter 
than  desirable  for  reliable  results,  although,  in  their  cases,  great  accu- 
racy of  observation  was  depended  on  to  obviate  this  objection.  That 
the  boiler  was  not  protected  with  the  usual  non-conducting  covering,  is 
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:al8o  to  be  regretted,  though  the  writer  has  been  able  to  satisfactorily 
supply  the  deficiency  from  other  data. 

The  original  notes  of  these  experiments  were  furnished  by  Chief 
Engineer  Baker  to  the  writer,  who  has  made  the  necessary  calculations 
from  them,  and  arranged  both  data  and  results  in  a  tabular  form,  pre- 
facing the  table  with  a  description  of  the  boiler  and  of  the  manner  of 
making  the  experiments,  and  following  it  with  some  remarks. 

Boiler. 

The  boiler  is  of  the  horizontal  fire-tube  type  with  nearly  all  the  tubes 
returned  by  the  sides  of  the  furnace.  It  is  a  duplicate  of  many  in  use 
with  compound  engines  on  board  of  U.  S.  Naval  steamers  of  a  small 
«ize. 

The  shell 

05 


Fig.  1. 


of  the  boiler  is 
a  cylinder  of  8  feet  diameter 
and  8  feet  1  inch  length,  with 
:flat  ends.  The  back  end  is 
flush  with  the  end  ofthe  shell, 
but  the  front  end  is  recessed 
4  J  inches  within  the  shell.  The 
entire  shell  is  constructed  of 
^ths  inch  thick  plate  iron,  with 
the  joints  butted,  single  welted, 
:and  double  riveted.  The  front 
•end  serves  for  the  front  tube- 
plate. 

The  shell  contains  a  single 
<5ylindrical  furnace  of  64  in- 
-ches  inner  diameter  and  6  feet 
-8 J  inches  extreme  length.  It  contains  a  grate  4  feet  6  inches  wide 
and  5  feet  4  inches  long.  The  grate-bars  are  of  the  ordinary  pattern, 
and  are  cast  in  two  equal  lengths.  The  grate  surface,  at  the  front, 
<5oincides  with  the  horizontal  diameter  of  the  furnace,  sloping  down- 
wards 4  inches  at  the  back.  The  bridge-wall  is  of  cast  iron,  faced 
with  fire-brick  4J  inches  thick  on  the  9  inches  it  rises  above  the  back 
of  the  grate.  The  bottom  of  the  ash-pit  is  4  J  inches  above  the  bottom 
of  the  shell.  The  furnace  is  constructed  of  J  inch  thick  iron  in  three 
equal  lengths,  and  has,  at  each  end  of  the  middle  length,  a  stiffening^ 


,    -«. _'5_._ fti4. -J 

Longitudinal  vertical  section  through  axis  of 
shell,  exclusive  of  uptake. 
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ring  inserted  of  iron  2^  inches  deep,  ^  inch  thick,  and  6  feet  outside 
diameter. 

The  furnace  has  two  doors  placed  side  by  side;  each  door-opening 
is  semi-circular  on  top,  20  inches  wide  and  16  inches  high.  Each  door 
is  perforated  with  eleven  holes  of  If  inches  diameter  for  the  admission 
of  air ;  and  the  lining  plate  is  perforated  with  as  many  J  inch  diam- 
eter holes  as  it  will  contain,  for  the  distribution  of  this  air  above  the 
incandescent  coal. 

The  front  of  the  furnace  is  of  oast  iron  with  a  double  shell ;  the 
outer  shell  is  pierced  with  seventeen  holes  of  If  inches  diameter  for 
the  admission  of  air ;  and  the  inner  shell  is  pierced  with  as  many 
J  inch  diameter  holes  as  it  will  contain,  for  the  distribution  of  this  air 
above  the  incandescent  coal.  '* 

The  back  smoke  connection  is  11  inches  wide  in  the  clear  lengthwise 
the  boiler:  it  is  flat  on  top,  with  its  sides  and  bottom  concentric  with 


Fig  2. 


Fig  3. 


Half  elevation,  with 
iptake  and  outer  plate  of 
furnace  front  removed. 


Half  cross  section 
on  A  By  P'ig.  1. 


Front  elevotion,  exclusive  of 
uptake. 


the  cylindrical  shell  of  the  boiler  from  which  they  are  separated  by  a 
water-space  4J  inches  wide  including  thicknesses  of  metal.  The  sides, 
and  bottom  are,  consequently,  a  segment  of  a  circle  7  feet  3  inches  in 
diameter.  The  extreme  height  of  the  connection  in  the  clear  is  5  feet 
3  inches.  The  back  of  the  connection  is  flat  and  parallel  to-the  end 
of  the  boiler  shell  from  which  it  is  separated  by  a  water-space  5  J  inches 
wide  including  thicknesses  of  metal.     The  connection  is  stayed  to  the 
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boiler  shell  by  socket  bolts  of  one  inch  diameter  spaced  every  6  inches. 
The  whole  of  the  connection  is  of  plate  iron  |ths  of  an  inch  thick. 

The  tubes,  with  the  exception  of  those  of  the  upper  row,  twenty-one 
in  number,  are  divided  into  two  equal  and  symmetrical  groups,  one  of 
which  is  returned  on  each  side  of  the  furnace  from  the  back  smoke 
•connection  to  the  uptake,  completely  filling  the  spandrels  between  the 
furnace  and  the  boiler  shell.  Of  these  tubes,  sixteen  (eight  on  each 
-end)  lie  below  the  level  of  the  top  of  the  bridge-wall,  and  six  (three 
'On  each  side)  lie  just  at  the  level  of  that  top.  The  upper  row  of  tubes 
lie  unbroken  above  the  furnace. 

The  tubes  are  of  brass  and  seamless,  and  are  secured  to  their  plates 
by  screw  ferrules  of  2  inches  inside  diameter.  Each  tube  is  2J  inches 
2*3  inches  in  inside  diameter,  in  outside  diameter  and  6  feet  4  inches 
in  extreme  length  to  outside  of  tube-plates.  They  are  one  hundred 
and  nineteen  in  number.  The  object  of  the  screw  ferrules  was  to 
allow  the  tubes  to  be  removed  for  cleaning  without  injury,  and  to  be 
replaced  quickly.  The  distance  between  the  axes  of  the  tubes,  hori- 
zontally, is  3 J  inches;  and,  vertically,  3' 2  inches. 

Above  the  tubes,  the  flat  ends  of  the  boiler  shell  are  stayed  together 
by  eighteen  rods  of  1 J  inches  in  diameter :  these  rods  pass  through  the 
:flat  ends,  to  which  they  are  secured  by  collars  on  the  inside  and  nuts 
on  the  outside.     The  rods  average  8  J  inches  from  centre  to  centre. 

The  uptake  is  a  separate  construction  of  sheet  iron  placed  against  the 
front  end  of  the  boiler,  which  is  nearly  covered  by  it,  with  the  excep- 
tion of  the  front  of  the  furnace  and  ashpit.  It  has  the  usual  doors, 
hinged  at  top  and  giving  access  to  the  tubes  for  sweeping,  etc.  The 
•chimney  rises  from  the  top  of  the  uptake. 

During  the  experiments,  the  boiler  had  no  covering  of  any  kind. 

The  following  are  the  principal  dimensions  and  proportions  of  the 
boiler : 

8  ft. 


Extreme  length  of  the  shell. 

O    XL. 

8  ft.  1  in. 

Number  of  furnaces,    . 

.     1. 

Width  of  the  grate. 

.           4  ft.  6  in. 

Length  of  the  grate. 

.     5  ft.  4  in. 

Orate  surface. 

24  sq.  ft. 

Nimiber  of  tubes. 

119. 

•Outside  diameter  of  tubes, 

2-6  in. 

Inside  diameter  of  tubes, 

.     2-3  in. 
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Inade  diameter  of  ferrules  for  tubes,         .  .  2*0  in. 

Length  of  tubes  in  the  clear  between  the  tube  plates,        6  ft.  2f  in. 
Height  of  the  chimney  above  the  grate  surface,      .  69  ft.  6  in. 

Diameter  of  the  chimney  connection,  .  .  .2  ft.  1 J  in. 

Cross  area  above  the  bridge-wall  for  draught,         .  6*0945  sq.  fL 

Cross  area  through  the  tubes,  for  draught,         .  .     3*4334  sq.  fiL 

Cross    area    through    the   ferrules   of    the   tubes   for 

draught,  .  .  .  .  .     2*5962  sq.fL. 

Cross  area  of  the  chimney  connection,        .  .  3*5465  sq.  fL. 

Heating  surface  in  the  furnace,  .  .  .  48*6  sq.  ft. 

Heating  surface  in  the  back  smoke  connection,       .  64*0  sq.  ft;. 

Heating  surface  in  the  tubes,  calculated  for  their  inner 

circumference,         ....        446*4  sq.  ft. 
Heating  surface  in  the  uptake,  ,  .  .  14*0  sq.  ft. 

Total  heating  surface  in  the  boiler,  .  .        573*0  sq.  ft. 

Square  feet  of  heating  surface  per  square  foot  of  grate 

surface,       .....  23*875 

Square  feet  of  grate  surface  per  square  foot  of  cross  area 

above  the  bridge-wall,         .  .  .  3*938 

Square  feet  of  grate  surface  per  square  foot  of  cross 

area  through  the  tubes,        .  .  6*990 

Square  feet  of  grate  surface  per  square  foot  of  cross 

area  through  the  ferrules,    .  .  .  9*244 

Square  feet  of  grate  surface  per  square  foot  of  cross 

area  of  chimney  connection,  .  .  6*767 

Water  room  in  boiler  to  6  inches  above  top  of  tubes,    100  cub.  ft. 
Steam  room  in  boiler  above  6  inches  above  top  of 

tubes,  .  .  .  .  .75  cub.  ft. 

Weight  of  boiler,  exclusive  of  grate-bars  and  chim- 
ney, .....    22100  pounds. 
Weight  of  grate  bars,  .  .  .  1210  pounds. 
Weight  of  water  in  boiler,             .             .             .      6233  pounds. 

IV^ANNER  OF  Making  the  Experiments. 

The  experiments  were  made  in  the  following  manner : 
A  clean  anthracite  fire  of  9  inches  thickness  having  been  brought  to- 
steady  action,  with  the  steam  blowing  freely  from  the  boiler  escape- 
pipe — the  safety-valve  having  been  previously  removed  from  its  seat 
— ^the  water-level  in  the  boiler  was  adjusted  to  6  inches  above  the  top' 
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of  the  tubes,  and  the  experiment  held  to  commence.  Each  experiment 
continued  exactly  12  hours,  at  which  time  the  fire  was  thoroughly 
cleaned  and  made  of  the  same  thickness  as  at  the  commencement,  with 
the  water-level  at  the  same  mark. 

During  the  continuance  of  each  experiment,,  a  tabular  record  or  log 
was  kept,  in  which  was  noted,  at  the  end  of  each  hour,  the  height  of 
the  barometer,  the  temperature  of  the  air  in  the  boiler-room,  of  the 
feed-water  in  the  tank,  and  of  the  gases  of  combustion  in  the  uptake, 
the  latter  being  given  by  a  metallic  pyrometer.  All  the  anthracite 
thrown  into  the  furnace  was  carefully  weighed,  and  all  the  refuse  of 
ash,  clinker  and  soot  was  likewise  weighed  on  the  same  scales.  After 
the  completion  of  an  experiment,  the  tubes  were  swept  together  with 
the  other  fire  surfaces,  so  that  each  experiment  was  begun  with  a  clean 
boiler.  The  boiler  being  entirely  new,  its  water  surfaces  were  quite 
clean.  The  water  fed  into  the  boiler  was  first  accurately  measured  in 
tank.  The  steam  pressure  in  the  boiler  was  found  to  be  slightly  in 
excess  of  the  atmospheric  pressure.  All  the  experiments  were  made 
by  the  same  personnel  and  in  the  same  manner ;  the  anthracite  being 
burned  at  the  maximum  rate  of  combustion  which  could  be  obtained 
without  forcing  the  fire. 

The  boiler  wa^  without  any  non-heat-conducting  covering  whatever, 
and  was  situated  in  the  still  air  of  the  boiler-house  of  the  Steam  Engic 
neering  department  of  the  Washington  Navy  Yard.  Every  precaution 
was  taken  to  insure  accuracy  in  the  results,  and,  also,  that  those  from 
the  different  experiments  might  be  fairly  comparable.  These  results, 
and  the  data  from  which  they  were  calculated,  will  be  found  in  the 
following  table. 

The  experiments  were  three  in  number.  During  the  first,  made  on 
the  24th  of  May,  1873,  all  the  tubes  were  in  use.  During  the  second, 
made  on  the  21st  of  May,  1873,  the  lower  twenty-one  tubes — teA  on 
one  side  of  the  furnace  and  eleven  on  the  other — ^were  tightly  plugged 
at  both  ends,  so  as  to  prevent  the  passage  through  them  of  any  of  the 
hot  gases  of  combustion,  thereby  reducing  the  heating  surface  13*75 
per  centum,  or  from  a  proportion  of  23*8750  square  feet  to  1*0000  of 
grate  surface,  to  the  proportion  of  20*5926  to  1*0000;  the  calorimeter 
through  the  tubes  being  thereby  reduced  17*65  per  centum,  or  from  a 
proportion  of  1*0000  square  foot  to  every  9*2443  square  feet  of  grate 
surface,  to  the  proportion  of  1*0000  to  11*2255.  During  the  third 
experiment,  made  on  the  23d  of  May,  1873,  exactly  the  same  reduc- 
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tions  of  heating  Burfaoe  and  of  calorimeter  were  made  as  in  the  second 
experiment,  but,  in  this  case,  they  were  effected  by  plugging  tighdy 
at  both  ends  the  twenty-one  tubes  composing  the  upper  row — ^the  plugs 
used  in  the  second  experiment  having,  of  course,  been  removed  from 
the  twenty-one  lower  tubes.  The  absolute  areas  and  proportions  of 
the  grate  surface,  heating  surface,  and  calorimeter  through  the  tubes, 
in  both  the  second  and  third  experiments,  were  precisely  the  same,  the 
only  difference  being  that  the  reductions  in  these  particulars  from  the 
quantities  in  the  first  experiment,  were  made  in  the  second  experiment 
in  tubes  lying  below  the  top  of  the  hridge-waUy  and  in  the  third 
experiment  in  tubes  lying  above  the  top  of  the  bridge-wall. 

The  first  and  second  experiments,  therefore,  permit  the  determina- 
tion of  the  effect  produced  on  the  absolute  and  economic  vaporizations 
of  the  boiler,  by  the  simultaneous  reduction  of  its  heating  surface  and 
of  its  calorimeter  through  the  tubes,  its  grate  surface  remaining 
constant,  and  all  its  heating  surface  lying  above  the  top  of  its  bridge- 
wall. 

In  the  third  experiment,  15*94  per  centum  of  the  heating  surface, 
and  21*43  per  centum  of  the  calorimeter  through  the  tubes,  lay  bdow 
the  top  of  the  bridge-wall,  therefore,  experiments  second  and  third 
permit  the  determination  of  the  effect  produced  on  the  absolute  and 
eeonomic  vaporizations  of  the  boiler  by  this  distribution ;  the  grate 
surface,  heating  surface,  and  calorimeters  through  the  tubes  being 
exactly  the  same  in  both  experiments,  the  only  difference  being  in  the 
arrangement  of  the  heating  surface  and  calorimeter  through  the  tubes 
relatively  to  the  top  of  the  bridge-wall.  In  the  second  experiment, 
all  the  calorimeter  through  the  tubes  was  above  that  top ;  while,  in 
the  third  experiment,  only  78*57  per  centum  of  the  calorimeter  was 
above  that  top.  The  grate  surface  and  the  calorimeter  above  the 
bridge-wall  remained  constant  throughout,  and  the  latter  was  so  much 
larger  than  the  calorimeter  through  the  tubes  that  it  exercised  no  influ- 
ence on  the  results. 

As  the  boiler,  during  all  the  experiments,  had  no  covering  to  dimi- 
nish the  loss  of  heat  by  radiation  from  the  external  surfaces ;  and  as 
boilers  on  which  experiments  are  made,  almost  always  have  very 
efficient  coverings  for  that  purpose ;  it  became  necessary,  in  order  that 
the  results  from  this  boiler  may  be  comparable  with  those  from  other 
boilers,  to  ascertain  the  vaporizative  value  of  the  difference  of  the  heat 
radiated  in  still  air  from  the  naked  boiler  and  from  the  same  boiler 


Digitized  by 


Google 


Mar.,  1879.]  laherwood — Boiler  EajperimerUs,  169 

under  the  same  conditions  when  covered  with  the  usual  protector  of 
hair  felt  1 J  inches  thick.  This  has  been  effected  by  means  of  the  con- 
stants in  a  table  oenstructed  from  experiments  made  for  this  object  by 
the  writer,  and  published  on  page  161  of  the  March  number  of  the 
JoiTRNAL  for  1878.  In  that  table,  the  number  of  Fahrenheit  units 
of  heat  lost  per  hour  per  square  foot  of  boiler  plate  per  degree  Fahren- 
heit difference  of  temperature  between  that  of  the  steam  upon  one  side 
of  the  metal,  and  that  of  the  still  air  upon  the  opposite  side,  is 
2-9330672  when  the  metal  is  naked,  and  0-2507097  when  the  metal  is 
covered  with  IJ  inches  thickness  of  hair  felt.  The  difference, 
2*6823575  Fahrenheit  units  of  heat,  has  been  assumed,  in  the  case  of 
this  boiler,  to  have  been  lost  per  hour  per  square  foot  of  the  204  square 
feet  of  its  exposed  external  surface,  per  degree  Fahrenheit  of  difference 
of  temperature  between  the  temperature  of  the  steam  inside  and  that 
of  the  still  air  in  the  fire-room  outside  of  the  boiler.  From  these  data 
and  the  latent  heat  of  the  steam,  the  vaporizations  in  the  table  due  to 
the  loss  of  heat  by  external  radiation,  have  been  calculated ;  and  these 
vapori^itions  have  been  added  to  those  given  by  the  direct  tank  meas- 
urement, in  order  to  obtain  the  normal  vaporizations.  As  the  experi- 
mental boiler  was  in  the  same  room  with  other  and  much  larger  boilers 
in  use,  the  temperature  of  the  air  in  that  room  has  been  taken  as  the 
proper  temperature  for  the  calculation,  instead  of  the  temperature  of 
riie  external  air. 

EEStnLTS. 

K  the  atmospheric  conditions  governing  the  force  of  the  draught, 

eould  be  considered  constant  during  the  experiments,  then  the  rate  of 

eombustion  of  the  gasifiable  portion  of  the  anthracite  was  reduced, 

/4148— 3625X100      \ 
-comparing  experiments  first  and  second  I ZTiS ^^  1 12*61 

per  centum  for  a  reduction  of  21*43  per  centum  in  the  calorimeter 
through  the  tubes ;  that  is  to  say,  for  a  reduction  from  the  proportion 
of  1*0000  square  foot  of  calorimeter  to  9*2443  square  feet  of  grate,  to 
the  proportion  of  1*0000  to  11*2255  :  all  of  the  calorimeter  in  both 
eases  being  above  the  top  of  the  bridge  wall.  Under  these  circum- 
stances, the  absolute  vaporization  was  reduced 

/36744*067— 31919*145  X  100     \ 

( 36744*067 =)  ,  ^^'^^  ?"'  ^^*^^^ 

the  economic  vaporization  remaining  sensibly  unaffected  notwithstand- 
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ing  the  reduction  of  13-75  per  centum  in  the  heating  surface.  But 
had  the  absohite  vaporizations  been  made  the  same  in  both  experiments^ 
by  a  proper  reduction  in  the  rate  of  combustion  during  the  first  exper- 
iment, the  economic  vaporization  would  certainly  have  been  at  least 
6  or  7  per  centum  better  in  that  experiment  witli  all  the  tubes  in  use^ 
than  in  the  second  experiment  with  a  considerable  portion  of  them 
plugged. 

In   the    third    experiment,   the  rate  of   combustion   was  sensibly 
the  same  as   in   the  second  experiment,  but  the   absolute  and  the 
economic  vaporizations  were  less.     The  first  fell  off 
/31919-145— 30103-678X100    \ 

V 31919.145 ~)  ^'^^  P^^  centum, 

and  the  last,  correspondingly, 

/10-202— 9-680X100    \ 

\ lO^^ ~)  ^'^^  P^^  centum. 

If  the  absolute  vaporization  in  the  third  experiment  had,  by  means  of 
a  higher  rate  of  combustion,  been  made  equal  to  the  absolute  vapori- 
zation in  the  second  experiment,  then  this  diffference  of  5*12  per 
centum  in  the  economic  vaporization  would  have  been  considerably 
increased. 

With  regard  to  the  temperature  of  the  gases  of  combustion  in  the 
uptake  during  the  different  experiments,  and  comparing  the  first  and 
second  experiments,  there  is  a  difference  of  (867*5 — 814*2=)  53*3 
degrees  Fahrenheit  in  that  temperature.  The  rate  of  combustion  in 
the  second  expe*riment  was  12*61  per  centum  less  than  in  the  first,  but 
the  heating  surface  was  13*75  per  centum  less  also.  Comparing,  now, 
that  temi>erature  in  the  second  and  third  experiments,  in  which  the 
heating  surface  and  the  calorimeter  were  exactly  the  same,  and  the  rate 
of  combiLstion  almost  exactly  the  same,  the  temperature  of  the  gases 
of  combustion  in  the  uptake  was  (814-2 — 785-0  =)  29*2  degrees 
Fahrenheit  less  in  the  third  than  in  the  second  experiment,  although 
15*94  per  centum  of  the  heating  surface  in  the  former  was  less  efficient 
than  in  the  latter,  owing  to  its  position  below  the  top  of  the  grate  bars. 
The  effect  of  lessening  the  calorimeter  is  to  lessen  the  air  supply  propor- 
tionally to  weight  of  coal  consumed,  and  it  may  easily  be  lessened  to 
an  extent  that  will  materially  affect  the  completeness  of  the  combustion. 
Now,  as  the  quantity  of  heat  from  a  given  weight  of  coal  and,  conse- 
quently, the  temperature  of  the  gases  of  combustion  produced, , are 
are  lessened  in  proportion  to  the  incompleteness  of  the  combustion,  too 
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small  a  calorimeter  may  simultaneously  cause  both  a  lessened  economic 
vaporization  and  a  lower  temperature  of  the  gases  of  combustion  in 
the  uptake,  although,  generally,  the  latter  would  indicate  a  greater 
economic  vaporization.  The  calorimeter  through  the  tubes,  which  was 
small  in  the  first  experiment,  being  only  the  ^  ^^^^  of  the  grate,  was 
reduced  in  the  second  experiment  to  the  ^^  ^^55  ^^  ^^^  grate,  and,  if 
only  that  portion  of  the  calorimeter  which  is  above  the  top  of  the 
bridge  wall  is  effective,  it  was  still  further  reduced  in  the  third  exper- 
iment to  the  ^4  .^gg7  of  the  grate.  Each  of  these  reductions  was 
probably  attended  by  a  more  and  more  incomplete  oxidation  of  the 
constituents  of  the  coal,  owing  to  a  more  and  more  insufficient  air 
supply  relatively  to  the  weight  of  coal  consumed.  Thus  the  less  and 
less  temperatures  of  the  gases  of  combustion  in  the  second  and  third 
experiments  may  have  have  been  due  solely  to  their  very  small 
calorimeters. 

These  results  show  that,  with  a  boiler  of  this  type  and  of  the  pro- 
portions in  the  first  experimeit,  both  the  absolute  and  economic 
vaporizations  are  injuriously  affected  to  a  marked  degree  by  a  reduction 
in  the  heating  surface  of  13*75  per  centum,  accompanied  by  a  reduction 
of  21-43  per  centum  in  the  calorimeter  through  the  tubes,  the  propor- 
tion of  the  original  heating  surface  to  the  grate  surface  (23*8750  to 
IWOO),  and  of  the  original  calorimeter  through  the  tubes  to  the  grate 
surface  (1*0000  to  9*2443),  being  so  small  that  further  reductions  in 
either  are  attended  by  lessened  results.  Also,  that,  other  things  being^ 
equal,  both  the  absolute  and  economic  vaporizations  are  injuriously 
affected,  and  to  a  marked  degree,  by  placing  any  considerable  portion 
of  the  heating  surface,  and  of  the  calorimeter  through  the  tubes,  below 
the  level  of  the  top  of  the  bridge-wall. 


SnO)W  Ulimiination. — During  a  recent  snow-storm,  in  the  early 
aftemoon3  an  interesting  experiment  was  tried  in  Paris.  At  the 
moment  when  the  sky  was  darkened  by  snow,  the  electric  lamps  were 
lighted  in  the  square  of  the  Thfeatre  Francais.  The  reflection  of  the 
light  from  the  snow-flakes  immediately  dispelled  the  darkness  and 
produced  a  very  pleasing  effect.  It  is  proposed  to  try  a  similar  exper- 
iment in  misty  weather,  and  if  the  light  can  penetrate  even  to  the 
distance  of  20  metres  (65*6  ft.),  Jablochkoff  lamps  will  be  established 
at  points  where  the  passing  is  most  frequent. — Les  Mondes,  C. 
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GAUGING  AND  MEASURING  IMPLEMENTS.* 

By   J.   ElCHARDS. 


It  is  proposed  in  the  following  paper  to  offer  some  remarks  on  gauging 
or  sizing  implements  such  as  are  employed  in  machine  fitting,  and 
in  explanation  of  some  of  the  tools  and  processes  required  in  securing 
precision  in  such  implements. 

It  will  be  proper  to  explain  at  the  beginning  that  nearly  all  my 
remarks,  outside  of  some  historical  facts,  must  relate  to  experiments  and 
results  obtained  in  Philadelphia. 

It  is,  however,  thought  that  in  dealing  with  this  difficult  branch 
of  manufacture,  no  harm  can  arise  from  some  notice  of  the  pro- 
gress made,  especially  as  the  firm  of  Messrs.  JRichards,  Hand  & 
Taylor,  who  have  furnished  the  present  drawings  and  examples,  do  not 
propose  to  deal  so  much  with  the  element  of  mystery  as  has  been 
•done  in  some  other  cases. 

For  some  reasons  it  would  have  been  preferable  to  postpone  any 
public  notice  of  this  manufacture  until  a  later  time,  not  in  respect 
to  implements  or  machines  so  much  as  the  qualities  of  different  kinds  of 
material  and  some  of  the  processes  of  manufacture,  which  are  not  suf- 
ficiently deterhiined  to  be  presented  in  a  public  essay.  At  some 
«ome  future  time  the  subject  of  material  and  processes  may  be  brought 
before  the  Institute,  if  thought  of  sufficient  interest. 

It  is  well  known  to  every  one  connected  with  engineering  manu£gu^- 
tures,  that  the  maintenance  of  uniform  or  staadard  dimensions  in 
machine  fitting,  is  fast  becoming  a  rule  and  almost  a  necessity,  enhanc- 
ing the  value  of  what  is  made,  and  at  the  same  time  cheapening  the 
<x)st  of  production  by  permitting  a  more  extended  division  of  labor. 

The  division  of  labor  in  machine  fitting,  as  in  nearly  alK  branches 
of  industry,  depends  on  what  may  be  called  duplication,  that  is,  pro- 
ducing one  Idling  like  another,  so  that  different  workmen  may,  indepen- 
dent of  each  other,  prepare  parts  or  pieces  which  can  be  assembled 
and  put  together  without  trying  and  hand  fitting. 

It  will  not  be  necessary  to  follow  this  principle  into  practical  detail 
until  the  machines  and  implements  are  explained ;  the  matter  is  alluded 

*Paper  read  before  the  meeting  of  the  Franklin  Institute,  February  19th,  1879. 
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to  here  merely  to  call  attention,  at  the  beginning,  to  the  importance  and 
possible  extent  of  the  duplicating  system  in  machine  fitting. 

The  export  of  American-made  machines  to  Europe,  commenced,  we 
may  claim,  because  of  an  early  and  successful  application  of  the 
gauging  system.  One  of  the  first  and  most  important  orders  received 
from  Europe  for  machinery,  was  for  a  nearly  complete  equipment  of 
implements  for  the  Enfield  small-arms  factory,  in  England ;  machines 
and  tools  the  main  object  of  which  was  a  duplication  of  their  product* 
.Watches,  clocks,  sewing  machines,  small  arms,  with  many  other 
articles  of  a  similar  kind,  are  now  made  in  this  country  and  sold  in 
Europe  because  the  system  of  gauging  and  duplicating,  offers  an 
advantage  overbalancing  cheaper  labor,  cheaper  material  and  more 
than  3,000  miles  of  ocean  carriage. 

Referring  now  to  machine  shop  gauges,  it  is  well  known  Fig.  1. 
that  moet  of  our  larger  establishments  have  been  supplied 
wifli  standard  gauges  imported  from  England,  usually  a 
set  of  pins  and  collars  such  as  are  shown  in  Fig.  1,  and 
corresponding  to  what  is  called  the  Whitworth  standard. 
Most  of  these  gauges  are  made  in  the  works  of  the  Whit- 
worth company  at  Manchester,  who  by  long  experience  and 
their  reputation  for  good  work,  have  controlled  this  manu- 
facture. Of  late  years,  however,  some  fine  examples  have 
been  made  in  this  country,  but  at  prices  much  greater  than 
are  demanded  for  English  gauges. 

Pins  and  collars — or  cylindrical  gauges  as  they  are  generally  called — 
were,  so  far  as  we  have  any  record,  first  made  by  the  celebrated  John 
G.  Bodmer,  of  Manchester,  a  Swiss  engineer  who  may  be  regarded  as 
the  compeer  of  Sir  Joseph  Whitworth  in  machine  tool  improvement. 
For  thirty  years  or  more  these  pins  arid  collars  have  been  made  with 
great  exactness,  the  fitting  surfaces  highly  polished  and  in  every  respect 
a  marvel  of  exactness  and  uniformity. 

Before  entering  upon  a  description  of  the  tools  made  and  machines 
employed  in  the  American  Standard  Grange  and  Tool  Works  in  Phila- 
delphia, some  history  of  the  origin  of  the  scheme  will  not  be  out  of  place. 
In  1860  the  writer,  while  engaged  as  a  manager  in  the  Ohio  Tool 
Company  Works,  at  Columbus,  Ohio,  feeling  the  want  of  some  means 
of  maintaining  sizes  and  not  having  sufficient  use  for  such  implements 
to  justify  the  purchase  of  a  set  of  pins  and  collars,  conceived  the  idea 
of  introducing  some  cheaper  system,  by  which  fixed  calipers  with  some 
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simple  means  to  keep  them  in  adjustment^  would  take  the  place  of  pins 
and  collars. 

The  matter  was  followed  up  and  calipers  of  several  kinds  were  made, 
also  a  corrective  gauge  not  differing  much  from  the  one  shown  in  Fig.  2. 
In  1867  patents  were  procured  for  an  improved  method  of  making 
fixed  calipers  from  steel  plates,  also  for  the  corrective  cone  gauge  or 
the  standard  before  mentioned,  but  circumstances  at  the  time  prevented 
the  manufacture  of  such  implements  and  nothing  was  done  until  1869, 
when  the  writer  came  to  Philadelphia  with  a  view  of  seeking  some 
one  to  join  him  in  the  manufacture  of  gauging  implements.  Failing 
in  this,  he  went  to  England,  partly  upon  other  business,  but  mainly  to 
gain  some  information  in  respect  to  the  manufacture  and  use  of  gauges 
in  that  country. 

Fig.  2. 


Investigations  there,  so  far  as  possible  at  the  time,  led  to  the  opinion 
that  a  considerable  amount  of  capital  would  be  required,  especially  in 
providing  machinery  for  making  calipers,  and  the  business  was  aban- 
doned again  until  1872  when,  in  one  of  the  front  offices  of  the  Franklin 
Institute  building,  drawings  and  specifications  were  prepared  for  nine 
43pecial  machines  to  be  employed  in  gauge  making.  Among  these 
machines  were  most  of  those  now  in  use  at-the  works.  Twenty-second 
and  Wood  Sts.,  in  this  city.     4 

A  year  later,  the  other  front  office  on  the  north  side,  formerly  occu- 
pied by  Mr.  Greyelin,  was  rented  for  the  gauge  business.  Professor 
Morton,  then  Secretary  of  the  Franklin  Institute,  proposing,  if  prac- 
ticable, to  fit  up  a  portion  of  the  basement  of  the  building  as  a 
workshop. 

In  1873,  just  at  the  beginning  of  trade  depression,  a  contract  was 
made  with  Mr.  B.  D.  Whitney,  of  Winchendon,  Massachusetts,  to  con- 
.struct  the  gauge  machines,  and  they  were  completed  in  nine  months 
time,  but  the  state  of  business  was  then  such  that  the  machinery 
was  packed  away  as  soon  as  completed  and  was  never  set  up  until 
August,  1877,  when  practical  operations  were  for  the  first  time  corn- 
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menced.  This  was  seventeen  years  from  the  time  the  scheme  began, 
but  it  had  been  followed  in  one  way  or  another  continually  during 
that  time. 

It  was  thought  that  in  a  month  or  so,  calipers  and  corrective  gauges 
would  be  ready  for  sale,  but  these  expectations  were  foiled  by  several 
-circumstances,  principal  among  which,  was  the  failure  of  the  measuring 
machine  fitted  Avith  graduating  screws  made  at  the  Whitworth  Co/s 
works  in  Manchester  and  guaranteed  as  to  accuracy. 

This  matter  had  before  been  thought  of,  but  there  was  scarcely  a  doubt 
that  the  pitch  of  the  screws  was  correct.  Subsequent  experiments,  how- 
•ever,  proved  that  not  only  the  aggregate  pitch  was  wrong  and  the 
.screws  not  parallel,  but  the  relative  pitch  in  so  ^hort  a  length  as 
seven  inches  would  not  do  to  depend  upon.  These  screws  were, 
no  doubt,  as  their  appearance  indicated  and  as  the  Whitworth  Co. 
:afterwards  maintained,  carefully  made,  but  the  delicacy  of  measimng 
tests  demands  more  accuracy  than  can  be  attained  by  relying  upon  the 
pitch  or  movement  of  screws. 

The  first  experiment  in  measuring  was  made  by  preparing  six  rods  of 
Stubys  wire,  the  points  nicely  finished  by  stoning  and  the  central  part 
<X)vered  with  several  layers  of  thick,  soft  paper  to  prevent  induction. 
These  rods  were  carefully  fitted  into  the  machine  when  set  at  six  inches, 
temperature  and  other  conditions  being  carefully  observed.  The  rods 
were  then  uncovered  and  fitted  into  a  groove  cut  on  the  side  of  a  bar 
of  pine  wood  and  taken  to  Messrs.  W.  B.  Bement  &  Sons^  works, 
where  a  Whitworth  master  screw,  with  the  necessary  conveniences  for 
testing  the  rods,  was  supplied  and  even  the  experiments  conducted  by 
the  firm,  who  were  kind  enough  to  take  a  great  interest  in  the  matter. 
By  careful  comparison  it  was  found  that  the  measuring  machine 
in  comparison  with  the  screw  recorded  about  one  in  ten  thousand 
«hort.  This,  of  course  stopped  gauge  making  for  the  time.  The  test 
rods  were  then  taken  to  London  and  in  three  separate  experiments  on 
'different  standards,  two  made  by  myself  and  one  by  Gren.  B.  F.  Tilgh- 
man,  a  member  of  the  Institute,  it  was  found  that  the  rods  were  short, 
the  variation  being  but  little  in  the  three  cases  and  corresponding  very 
nearly  with  the  less  perfect  experiment  at  Philadelphia. 

The  next  operation  Avas  to  procure  four  standard  test  rods,  adjusted 
to  the  Imperial  yard  of  Great  Britain  and  its  divisions,  by  which  the 
measiuing  machine  in  Philadelphia  could  be  adjusted.  Such  rods 
were  prepared  in  London,  with  great  care,  by  those  having  access  to 
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the  imperial  standard,  and  Mr.  George  Richards,  then  in  England^ 
brought  them  out  to  Philadelphia  and  began  the  correction  of  the  meas- 
uring machine,  proving  by  combinations  of  the  rods,  comparing  with 
Whitworth  gauges,  and  so  on.  In  the  mean  time,  another  set  of  test 
rods  were  preparing  in  Manchester,  England,  and  were  forwarded  to 
Philadelphia  to  prove  the  first  set  and  also  the  machine  which  had  then 
been  tolerably  well  adjusted. 

Rods  were  next  adjusted  by  the  Whitworth  company  at  Manchester^ 
and  the  Standards  Department  at  Washington  was  visited ;  in  short,  all 
was  done  that  could  be  done  to  fix  a  standard  for  measurement,  and  it  is- 
now  thought  that  the  machine  is  as  nearly  accurate  as  one  can  be  made. 

This  will  be  a  proper  place  to  explain  that  the  object  in  seeking  for 
standards  in  Great  Britain  was  to  match  what  is  called  the  Whitworth 
scale  now  in  use  in  our  workshops.  Many  people  suppose  the 
Whitworth  standard  to  be  an  arbitrary  and  independent  one ;  in  fact,, 
this  idea  is  promulgated  by  the  company,  because  if  inquiry  is  made 
at  the  works  whether  their  standard  is  the  same  as  the  Imperial  one^ 
the  answer  will  be  (or  was  in  one  case),  "  they  did  not  know,  they  had 
their  own  standard."^  Imagine  Sir  Joseph  Whitworth  &  Co.  preparing 
gauging  implements  which  did  not  correspond  to  the  standard  of  the 
realm ! 

A  prevalent  opinion  exists  that  the  British  and  American  standards 
for  lineal  measure  are  not  the  same.  This  idea,  I  have  been  informed 
by  Mr.  John  W.  Nystrom,  came  from  publications  of  the  Smithsonian 
Institution,*  but  a  moment's  reflection  must  show  how  improbable  it  is 
that  there  is  any  diiference  in  the  lineal  measures  used.  The  British 
standard  is  an  arbitrary  one,  fixed  after  several  years  of  labor  on  the 
part  of  a  learned  commission  and  at  considerable  expense.  The  pen- 
dulum test,  which  was  the  only  natural  one  by  which  experiments  were 
made,  was  abandoned  after  thousands  of  readings  showed  its  incon- 
stancy. The  French  metre  of  the  forty-millionth  part  of  the  earth's- 
meridian,  as  well  as  all  other  natural  standards,  were  abandoned  for 
the  same  reason,  and  the  wisdom  of  this  course  has  been  proved  by 
the  French  government  since  adopting  an  arbitrary  standard  the  same 
as  the  English  had  done. 

In  this  country,  while  there  has  been  more  spent  in  preparing 
comparative  standards  than  by  any  other  government  in  the  world,, 
there  has  been  no  search,  so  far  as  I  know,  after  natural  or  other 
standards.      The  equipment  of   implements  of  transmission  and  for 


^See  "Smithsonian  Miscellaneous  Collection,"  vol.  i,  p.  112  D. 
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measuring^  exceeds  that  of  which  any  other  country  can  boast,  but  the 

principal  wisdom  shown  in  the  matter^  has  been  in  avoiding  the  useless 

expense  of  fixing  an  independent  standard  which  might  be  anything. 

By  comparison,  under  similar  conditions,  a  metal  test  rod  adjusted  at 

Washington   and  a  similar  one  adjusted   at  London  would  show  a 

difference  due  to  ten  degrees  of  temperature,  and  this  is,  no  doubt,  the 

only  difference.     It  is  enough  to  know  that  gauges  made  to  a  carefully 

adjusted  standard  here  will  match  and  interchange  with  those  made  in 

Ikigland. 

Fig.  3. 


Proceeding,  now,  to  notice  more  particularly  the  measuring  machine 
shown  in  side  elevation  at  Fig.  3 :  It  consists  of  a  strong  frame,  on 
the  top  of  which  are  two  traversing  slides  very  carefully  fitted  and 
moved  by  screws.  The  contact  points  seen  at  the  centre  are  of  hardened 
steel  made  parallel  by  careful  fitting.  The  index  wheels  at  each  end 
are  to  count  the  revolutions  of  the  screws  or  divisions  of  the  same. 
One  of  tlie  screws  has  a  pitch  of  eight  threads  to  an  inch  for  the 
ordinary  divisions  marked  on  rules  and  scales,  and  the  other  screw  is 
ten  per  inch  for  decimal  divisioiLS. 

In  measuring,  the  points  are  brought  together  in  easy  contact  to  form 
a  base  or  starting  pomt  and  then  expanded  by  turning  one  or  the  other  of 
the  wheels,  or  both,  counting  the  revolutions  or  parts  of  revolutions  to 
Whole  No.  Vol.  CVII.— (Third  Series,  Vol.  Ixxvii.)  13 
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determine  the  distance  between  the  points  or  the  size  of  what  is  to  be 
measured.  On  one  side  the  number  of  divisions  is  1000,  hence  with 
a  screw  of  ten  threads  to  an  inch,  each  division  on  the^  wheel  equals 
IQ^QQ  of  an  inch  at  the  points. 

The  movable  indices  on  the  front  of  the  machine  are  to  correct  the 
imperfections  of  the  screws  on  a  principle  which,  so  far  as  is  known, 
was  invented  bv  Professor  John  E.  Sweet,  of  Cornell  University. 

The  two  set  screws  seen  in  front 
^•fi^-  ^-  and  resting  against  the  upper  surface 

of  the  index  bars  are  attached  to 
and  move  with  the  slides  of  the 
machine,  and  the  shape  of  the  surface 
on  which  these  screws  slide  may  be 
called  a  diagram  of  the  screVs  im- 
perfections. In  the  drawing,  straight 
lines  are  shown,  but  practically  the 
lines  are  neither  straight  nor  regular. 
The  wooden  throat  piece  seen  below 
the  points  is  removed  when  large 
pieces  are  to  be  put  in  the  machine. 

The  machine  is  shown  mounted  on 

balance  bars,  which  seem  superfluous 

with  so  strong  a  frame ;  nevertheless, 

by  setting  up  the  screws  beneath  the 

ends  of  the  frame,  a  very  apparent 

change  in  the  readingswill  be  seen. 

Fig.  4  is  what  is  called  a  calipering 

machine,  used  for  transmitting  sizes,  but  not  for  measuring  beyond  a 

degree  of  accuracy  which  the  pitch  of   a  carefully  made  screw  may 

give.     Such  machines  are  employed  in  making  gauges,  reamers,  drills, 

mandrils,  taps  and  so  on. 

Being  inflexible,  or  nearly  so,  the  accuracy  is  greater  than  in  using 
common  calipers,  but  the  main  difference  and  that  which  gives  most 
value  to  such  machines  is  that  they  indicate  as  the  size  is  approached 
and  also  variations  above  or  below  standard  size  by  ^^^^^  of  an  inch. 
A  workman  using  such  a  machine  has  no  dread  of  spoiling  his  work. 
He  can  make  a  loose  fit,  a  shrinking  fit,  or  a  forced  fit,  as  may  be 
required.  The  value  of  such  a  machine  in  a  fitting  shop  was  never 
conjectured  until  one  was  made  and  put  into  use  at  the  gauge  works. 
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At  first  it  was  intended  for  use  only  in  grinding  mandrils  or  gauges, 
but  soon  became  an  implement  of  general  use.  A  workman  would 
finish  a  piece  of  turned  wook  to  y^^  or  yj^  of  an  inch  in  diameter 
Avithout  losing  any  time.  Seeing  the  value  of  such  a  machine,  espe- 
oially  for  the  tool  rooms  of  large  machine  shops,  and  also  requiring 
more  of  them  in  the  gauge  works,  a  smaller  and  cheaper  machine, 
measuring  to  4  in.,  was  prepared.  This  machine  as  shown  in  Fig. 
•5,  is  arranged  with  divisions  at  one  end  for  the  g  ^^  ^  of  an  inch  and 
at  the  other  end  for  -^^^  of  an  inch. 

The    same    machine   can  Fig.  5. 

l^e  adjusted  for  measuring, 
if  desired,  the  index  points 
Ibemg  shaped  to  correct  ir- 
regularities of  the  screws. 
This  is  done  by  experiments 
rand  comparison-  with  the 
standard  machine,  Fig.  3. 

The  makers  incline  to  the 
opinion   that    machines    of 

this  kind  will  come  into  general  use  and  are  experimenting  on  various 
modifications  to  perfect  and  cheapen  them. 

With  this  much  in  i^^ect  to  the  machines  employed  in  gauge- 
making,  it  will  be  next  in  place  to  describe  some  of  the  implements 
produced. 

It  was  notice^  in  various  shops  that,  whether  provided  with 
cylindrical  gauges  or  not,  fixed  calipers  were  the  implements  in  use, 
in  other  words,  were  the  working  tools,  and  it  was  resolved  to  make 
these  a  base,  as  it  were,  for  gauging,  reversing  the  old  system,  which 
would  procure  the  most  expensive  gauges  for  reference,  and  then  go 
downward  to  calipers  and  other  tools ;  nevertheless  a  set  of  calipers  with 
some  means  to  keep  them  in  adjustment  forms  a  tolerably  complete 
equipment  to  maintain  sizes  in  a  machine  shop.  There  are,  in  such  a 
case,  but  few,  if  any,  tools  not  in  practical  use,  while  the  original  cost 
is  only  a  fourth  to  a  third  as  much  as  under  the  old  system. 

After  various  experiments  with  moulded  steel,  it  was  found  to  be 
suitable  for  calipers.  When  prepared  for  the  purpose,  it  would  harden 
the  same  as  cast  steel  and,  when  carefully  treated,  was  free  from  inhe- 
rent strains.  Several  diiferent  forms  were  tried,  the  result  being 
finally  to  adopt  the  one  shown  in  Fig.  6. 
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To  keep  these  calipers  in  adjustment  there  are  furnished  what  are 
called  corrective  gauges,  shown  in  a  cheap  form  in  Fig.  2,  and  in  the 

Fig.  6. 


usual  form  in  Fig.  7.     These  gauges  are  like  what  are  called  step 
gauges   in   appearance,   but  are   made   on   a   wholly   different  plan- 
The  discs  or  pla 
and  ground  sepa 
gauges;  they  are  i 
them   together,  b 
These  discs  are  mj 
if  required;    for 
of  noimportance, 
preparing  them. 
The  limits  of  ac 

with  the  degree 
of  accuracy,  but 
not  in  the  same 
proportion. 

The  sizes  are 
usually  from  J 
to  2J  inches  by 

sixteenths,  and  from  2J  to  4  inches  by  eighths  of  an  inch,  making 
49  sizes,  which  can  be  mounted   in  an  iron   case,  as  shown,  and  be 
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kept  in  the  hands  of  a  manager  or   foreman,  who  can  at  pleasure 
inspect  and  test  the  calipers  in  use. 

If  any  wear  or  derangement  exists^  a  caliper  can  be  corrected  by  a 
careful  blow  on  the  outer  or  inner  edge,  as  the  case  may  be,  requiring 
but  a  moment^s  time,  and  but  little  skill  after  a  few  experiments. 

Fig.  8  shows  a  kind  of  fixed  calipers,  made  of  steel  or  white  iron ; 
the  latter  is  recommended  for  rough  use,  being  extremely  hard  through- 
out, and  not  liable  to  derangement  by  wear  or  accident. 

Pins  and  collars,  which  seem  to  be 
the  most  expensive  and  difficult  kind  ^' 

of  gauges  to  make,  are  by  no  means 
so  if,  as  before  mentioned,  time  is  not 
taken  into  account.  The  pins  are  first 
made  and  the  collars  lapped  out  to 
lit ;  but  by  this  remark  it  must  not 
be  inferred  that  the  pins  are  ground  I 
to  size  by  common  emery  wheels  and  ' 
in  an  ordinary  grinding  machine. 
Speaking  for  ordinary  practice,  this 
is  not  the  case,  because  neither  the 
nature  of  grinding  wheels  or  the 
movements  for  traversing,  have  been 
found  perfect  enough  to  finish  pins 

to  size,  and  there  is  good  authority  for  saying  that  none  have  been 
finished  in  this  manner  in  England. 

The  fixed  calipers,  whick  seem  to  be  the  most  simple  to  make,  are 
nevertheless  the  most  difficult,  and  require  more  implements  and 
processes  than  anything  else.  They  are  more  subject  to  change  from 
temperature,  and  a  portion  of  the  grinding  for  adjustment  has  to  be 
done  on  the  faces  of  wheels,  an  operation  which  is  in  all  cases  extremely 
difficult,  even  if  accurate  results  are  not  required. 

The  great  variation  of  temperature  between  winter  and  summer  is  a 
<5onsiderable  difficulty  in  gauge-making  in  this  country. 

The  lower  temperature  of  winter  can  of  course  be  controlled  by 
artificial  warming,  but  the  heat  of  summer  is  not  so  easily  provided 
against;  so  tliat  in  assuming  a  scale  of  temperature,  70°  has  been 
adopted  at  the  Standards  Department  in  Washington,  and  the  measuring 
machine,  Fig.  3,  has  been  adjusted  at  that  temperature.     In  England 
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62°  is  the  common  standard,  while  in  Northern  Europe  a  lower  scale 
is  common. 

The  maintenance  of  standard  sizes  in  a  machine  shop  involves  a 
^good  many  things  beside  gauges,  but  fortunately  nothing  which  should 
not  be  provided  at  any  rate.  Turning  mandrels,  for  example,  must  be 
kept  up  to  correspond.  In  former  times  turning  mandrels  were  made 
of  iron,  consisting  generally  of  scrap  pieces  of  various  lengths,  and 
were  usually  turned  off  to  fit  each  time  they  were  used,  and  on  the 


Fig.  9. 


whole  constituted  what  might  be  called  a  nuisance  in  a  machine  shop. 
Now  it  is  evident  that  if  holes  are  bored  to  uniform  size,  one  mandrel 
of  each  size  will  do  in  a  tolerably  large  shop,  and  if  that  mandrel  is^ 
made  of  steel,  hardened  and  ground  to  size,  the  expense  of  "  maintain- 
ing it,"  as  we  may  say,  is  reduced  to  a  minimum. 

The  engraving.  Fig.  9,  shows  a  very  good  form  for  mandrels  and 
drivers  also.  The  ends  are  shajied  with  two  polygonal  sides,  which 
fit  into  a  corresj)onding  seat  in  the  driver,  as  seen  in  the  end  view. 

Fig.  10. 


The  driving  studs,  as  shown  on  the  smaller  ones,  are  separate,  and  can 
be  removed  if  not  required. 
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Fig.  10  shows  reamers  for  machine  fitting,  which  can  be  expanded 
88  they  wear  away.  The  smaller  one  is  drilled  out  centrally,  and 
then  mcfftised  between  the  blades,  so  that  a  conical  plug  forced  in  by 
the  screw  at  the  end  expands  the  centre  of  the  reamer.  The  larger 
one  is  a  blade  reamer  of  the  usual  type,  and  needs  no  explanation. 

Fig.  11. 


RIGHT  HAND  TOOL. 


Among  the  tools  made  at  the  gauge  works  in  Philadelphia,  but  in 
no  way  connected  with  gauging,  are  tool  stocks  with  separate  or  detach- 
able points,  held  by  screw-keys  '  in  a  very  secure  manner.  A  great 
many  modifications  of  such  tools  have  been  tried  in  this  country  and 
also  in  Europe,  but  none  except  the  present  form  seem  to  have  met 
the  expectations  of  their  inventors. 

Fig.  12. 


LEFT  HAND  TOOL. 


In  Figs.  11,  12,  13  and  14  are  shown  side  views  of  such  tools,  those 
for  flat  cutting  having  cylindrical  cutters  or  points,  a  form  not  so  com- 
monly used  here  as  in  England,  but  having  more  endurance  for  heavy 
cutting  than  pointed  tools.  Tools  of  the  kind  shown  in  Figs.  11  and 
12  are  in  general  use  at  the  Cornwall  Iron  Works,  in  Birmingham, 
England,  where  the  expense  of  cutting  and  shaping  iron,  in  so  far  as 
the  writer  can  judge,  has  been  reduced  to  its  lowest  limits. 

The  purposes  arrived  at  in  such  tools  are  not  always  apparent  at  a  first 
examination,  and  may  be  briefly  mentioned  as  follows :  (1)  The  points,, 
being  only  small  pieces,  can  be  made  of  finer  steel  than  can  be  afforded  for 
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solid  tools.  (2)  The  points  can  be  instantly  removed  or  replaced  without 
disturbing  the  tool  stock.  (3)  The  points  being  duplicates,  no  time 
need  be  lost  in  sharpening,  a  fresh  point  being  inserted  when  necessary. 
(4)  Tool  dressing,  an  expensive  and  generally  unsatisfactory  branch,  is 
dispensed  with.     (5)  In  grinding  the  tools  a  large  number  can  be 

Fig*  13. 


SWIVEL  TOOL. 

treated  at  one  time ;  and  there  being  but  one  grinding  angle  and  that 
a  constant  one,  no  skill  is  required  in  the  operation.  (6)  The  height 
of  the  point  of  the  tool  can  be  regulated  at  pleasure,  thus  avoiding 
what  is  called  tool  raising  appliances  on  engine  lathes. 

Fig.  14. 


SCREW  TOOL. 


The  screw-cutting  modification  will  be  understood  without  further 
explanation,  but  it  may  be  mentioned  that  in  practice  it  has  proved 
wholly  successful. 

The  cylindrical  point  tools  are  a  modification  of  quite  an  old  inven- 
tion, originating  in  Glasgow,  and  one  of  the  examples  shown  is  from 
England,  where  tools  of  this  kind  are  gradually  coming  into  use. 


Mediterranean  Tides. — M.  Roudaire  and  Admiral  Mouchez  have 
observed  tides  of  2*5  metres  (7*79  ft.)  in  the  Gulf  of  Gabes.  The 
Venetian  tide  of  '8  metre  (2'6  ft.)  is  the  highest  previously  observed 
in  the  Mediterranean. — Coriipte^s  Rendun,  C. 
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ON  D'AURIA'S  ENGINE  GOVERNOR. 
By  the  Inventor,  Prof.  L.  d'Auria. 


Whatever  may  be  the  scientific  principle  on  which  a  steam  engine 
governor  is  constructed,  it  is  easily  seen  that  when  in  operation  all  the 
forces  acting  on  it  can  be  reduced  to  two  acting  on  its  valve  in  a  con- 
trary direction  to  each  other,  one  trying  to  shut  the  passage  of  the 
steam,  the  other  to  open  it. 

The  first  force  is  produced  by  the  velocity  which  the  engine  commu- 
nicates to  the  governor,  and  consequently  is  a  function  of  the  velocity 
of  the  engine ;  the  second  force  is  produced  by  a  weight  or  by  the  elas- 
tic force  of  some  spring. 

Let  P  and  Q  be  respectively  those  two  forces,  and  W  the  velocity  of 
the  engine ;  will  be  / 

and  for  the  equilibrium  of  the  valve,  which  is  supposed  to  be  balanced 
by  the  steam,  that  is,  independent  of  the  pressure  of  the  steam,  must  be 

Q  =  P=f{\p  (1) 

As  the  pressure  of  the  steam  in  the  boiler,  as  well  as  the  load  of  the 
engine,  are  subjected  to  variations,  the  engine  cannot  be  rigorously 
governed,  if  the  valve  is  not  in  equilibrium  in  all  its  positions  between 
the  limits  of  its  stroke  with  a  constant  velocity  W  of  the  engine. 

Therefore  the  equation  (1)  must  not  be  affected  by  the  changes  of  posi- 
tion of  the  governor  in  reference  to  itself,  or  it  must  be  independent  of 
the  c5ordinates  of  the  system  constituting  said  governor.  And  if  the 
force  P  is  a  function  of  those  coordinates  (as  takes  place  in  all  the 
governors  constructed  on  the  principle  of  centrifugal  force),  then,  also, 
the  other  force  Q  must  be  a  function  of  the  same  coordinates,  but  such 
that  the  equation  (1)  results  independently  of  them. 

Let,  now,  H  be  the  friction  of  the  governor,  considered  at  the  same 
point  of  application  of  the  forces  P,  Q.  The  equation  of  equilibrium 
of  the  valve  when  it  moves  so  as  to  shut  the  passage  of  the  steam, 
will  be 

Q-\-H  =  f{M^);  (2) 

and,  when  the  contrary  takes  place,  will  be 

Q-H=f{W)  (3) 

Subtracting  the  equation  (3)  from  the  other  (2),  will  be 
2H  =  f{W)-f{W)  =  o, 
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which  is  absurd  unless  H  is  equal  to  zero,  or  the  value  of  TF  in  the 
equation  (2)  is  greater  than  that  of  Wm  the  equation  (3).  But  in  this 
ease,  at  every  change  of  direction  in  the  motion  of  the  valve,  a  varia- 
tion of  speed  takes  place  in  the  engine,  more  or  less,  according  to  the 
value  of  the  friction  H;  therefore,  to  obtain  a  perfect  governor  it  is 
not  enough  that  the  equation  of  its  equilibrium  is  independent  of  the 
changes  of  position  of  said  governor,  it  must  be  independent  also  of 
friction. 

Having  thus  established  the  conditions  to  be  satisfied  in  the  construc- 
tion of  a  perfect  governor,  my  first  step  toward  the  solution  of  this  im- 
portant problem  was  the  elimination  of  the  friction  of  the  valvenstem 
in  its  stuffing  box,  which  I  consider  the  most  pernicious  to  the  sensi- 
tiveness of  a  governor. 

I  obtained  this  result  in  a  verj^  simple  manner,  by  enclosing  the 
mechanism  of  an  ordinary  ball  governor  in  a  steam  chamber  in  which 
it  revolves.  This  will  be  easily  understood  without  special  illustration. 
With  the  elimination  of  the  friction  of  the  valve-stem,  another  serious 
inconvenience  is  destroyed,  that  arising  from  the  variable  pressure  of 
steam  on  said  stem,  which  prevents  the  balancing  of  the  valve. 

The  use  of  heavy  balls  being  unnecessary  in  this  improved  form,  I 
immediately  thought  to  reduce  the  mechanism  to  only  one  ball  and  its  arm, 
the  valve  and  its  valve  chamber;  after  which  I  sawthei>ossibility  of  using 
the  ball  arm  itself  as  valve,  pivoted  on  a  movable  valve  chamber,  thus 
reducing  the  mechanism  to  only  two  pieces,  and  the  friction  to  its  mini- 
mum, that  is,  to  that  of  the  points  of  suspension  at  the  ball  arm  trans- 
formed into  a  throttle  valve,  which  friction  is  so  small  as  to  be  neglected 
in  calculations. 

One  method  for  the  practical  realization  of  my  last  improve- 
ment, which  seems  to  me  to  exhibit  the  greatest  degree  of 
simplicity  in  steam  engine  governors,  isfuUy  shown  in  the  annexed 
drawing  (Fig.  1)  in  which  A  is  the  steam  chamber  having  in  the 
centre  of  its  bottom  a  vertical  and  cylindrical  tube  jB,  open  at 
both  ends  and  prolonged  jmrtly  inside  and  partly  outside  of  said 
steam  chamber.  C  is  the  movable  valve  chamber  in  the  drawing, 
having  the  form  of  a  short  cylindric  box  or  case.  It  fits  the 
upper  part  of  the  tube  B,  and  is  fixed  on  a  vertical  shaft  receiving  mo- 
tion from  the  engine  in  the  manner  shown  in  the  drawing.  When  this 
shaft  is  in  motion,  it  revolves  the  valve  chamber  C  around  its  seat  -B, 
but  without  any  friction.     The  ends  of  the  cylindrical  valve  chamber 
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C  are  closed  by  two  parallel  walls  disposed  vertically.  On  each  of 
them  is  cut  an  equal  port,  conveniently  shaped  and  situated  so  as  to  be 
regulated  simultaneously  by  the  oscillating  double-weighted  valve  D^ 
composed  of  two  equal  slide  valves,  sector-shaped,  rigidly  held  parallel 
to  each  other  internally  by  a  bridge  D,  of  proper  weight,  and  hung  by 
centre  pins  on  the  parallel  walls  of  the  valve  chamber,  so  as  to  oscillate 
freely  on  the  outside  of  them  in  a  vertical  plane. 

Fig.  1. 


The  stroke  of  the  double-weighted  valve  D  is  limited  to  open  and 
shut  the  ports  of  the  valve  chamber  without  any  lost  motion.  The  cen- 
tre of  gravity  of  the  valve  is  situated  below  the  horizontal  plane,  pass- 
ing through  the  axis  of  suspension  /,  and  the  right  line  joining  the 
mean  point  of  this  axis  with  the  centre  of  gravity,  is  crossed  by  the  axis- 
of  rotation  of  the  valve  chamber  at  an  angle  of  about  45°,  so  that^ 
when  the  governor  is  put  in  motion  the  effect  of  centrifugal  force  will 
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be  to  turn  the  double-weighted  valve  D  on  its  axis  of  suspension  J, 
and  close  the  ports  on  either  side  of  the  valve  chaml)er  C. 

The  inside  of  the  steam  chamber  is  divided  in  two  compartments  by 
a  disc  or  diaphragm  attached  to  the  shell  of  the  tube  B,  leaving  all 
around  its  periphery  an  annular  passage  for  the  steam  to  flow  from  the 
lower  compartment  to  which  it  is  first  admitted  to  the  upper  one,  in 
^hich  runs  the  mechanism  C,  D. 

The  object  of  this  is  the  uniform  distribution  of  the  steam  around 
C,  D  without  affecting  the  double-weighted  valve  D,  which,  in  conse- 
<juence,  is  perfectly  balanced. 

The  steam  passes  from  the  upper  compartments  of  the  steam  chamber 
into  the  valve  chamber  through  its  ports,  from  which  it  flows  into  the 
tube  B,  communicating  with  the  engine. 

When  the  velocity  of  rotation  of  the  mechanism  C,  D  exceeds  a 
<^rtain  limit,  the  centrifugal  force  raises  the  valve,  the  ports  of  the 
valve  chamber  shut,  and  the  speed  of  the  engine  falls  for  want  of 
«team.  Then  the  valve  itself  falls  for  want  of  speed,  and  the  ports  of 
the  valve  chamber  are  again  opened  to  the  steam,  and  so  on. 

Having  reduced  the  friction  of  my  governor  to  such  a  minimum  as 
to  be  neglected  in  calculations,  my  attention  was  directed  to  find  the 
most  convenient  manner  of  suspending  the  valve,  to  satisfy  as  closely  as 
possible  the  condition  expressed  in  discussing  the  equation  (1),  that  is, 
the  condition  that  with  a  constant  veloeity  of  the  engine,  the  valve  must 
indifferently  be  in  equilibnum  In  all  its  positions  between  the  limits  of  its 
stroke. 

The  following  is  the  calculation  made  for  this  object  : 

Let  XX  (Fig  2)  be  the  vertical  axis  of  rotation  of  the  governor ;  Othe 
<?entre  of  gravity  of  the  double-weighted  valve ;  y  the  distance  of  tliis 
point  from  the  axis  xx;  T  T  the  tangent  line  to  the  curve  described 
by  the  point  (7,  touching  this  same  point ;  5,  the  angle  formed  by  T  T 
with  the  axis  xx  ;  P,  the  weight  of  the  valve ;  F,  its  centrifugal  force, 
and  N  th^  number  of  revolutions  per  minute  of  the  governor. 

The  equation  of  equilibrium  will  be 

Fsind=Pco80  (4) 

The  value  of  F  expressed  in  function  of  y  and  N  is 

900  X  ^ 
^Substituting  it  in  the  equation  (4),  after  reductions  will  be  found 
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?tangd  ^  1 

900X^ 


(5) 


or 


ytamd  =  900  X  g  ^  Const:  =  C 

If  the  axis  oax  is  considered  as  axis  of  abscissas  of  the  curve  described 
by  the  point  C  and  ^  as  an  ordinate  of  the  same^  will  be 


tangd  = 


dy 
dx 


Substituting  this  value  in  the  last  equation,  will  be 

ydy=Cdx; 
and 


jydy  —  CJdx; 


or, 


f  =  2Cx 


Fig.  2. 


This  equation  represents  a 
parabola;  therefore,  to  satisfy 
mathematically  the  above-men- 
tioned condition,  the  point  C 
must  move  on  such  curve. 

I  could  obtain  this  effect 
practically  by  suspending  the 
valve  with  a  chain,  which  devel- 
ops from  a  parabolic  outline,  it 
being  known  that  the  evolute 
of  a  parabola  is  another  para- 
bola. But,  as  the  oscillation  of 
the  valve  is  short,  the  parabolic 
arc  described  by  O  can  be  con- 
sidered approximately  as  an  arc 
of  circumference  having  for  its 
centre  the  mean  centre  of  curv- 
ature of  said  parabolic  arc;  and  this  centre  be  considered  as  point  of 
suspension  of  the  valve. 

Now,  as  the  co-ordinates  of  this  point  are 

^  Ordinate=  Jl  . 


=  «  + 


2c 


it  is  evident  why  the  axis  of  suspension  /,  /,  of  the   valve,  is  situ- 
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ated,  as  shown  in  Fig.  1,  in  reference  to  the  centre  of  gravity  of  said 
valve  and  the  axis  of  rotation  of  the  valve  chamber. 

But  this  disposition  is  not  at  all  arbitrary,  as  it  seems  to  be,  because  the 
axis  of  suspension  /,  in  reference  to  its  position  and  its  distance  from 
the  centre  of  gravity  (7,  can  be  determined  by  calculation  so  as  to  obtain 
the  equilibrium  of  the  valve  in  all  its  positions  with  the  smallest  varia- 
tion of  N ;  thiat  is,  with  the  smallest  variation  of  speed  in  the  engine. 

In  fact,'[let  J(7,  IC^  (Fig.  2)  represent  the  extreme  position*  of  the 
valve;  (p  and  (f)^  their  respective  angles  with  the  horizon;  and  let 
ID  =  a;    IC=IC'  =  R; 
y  =  CB  =  Rco8(f}  —  a 
y  =  (7iJ5^  =  Bcosip^—  a. 
Substituting  successively  'those  two  values  of  y  in  the  equation  (5), 
observing  that  (^j  =  d,  ^^  =  d^,  will  be  found,  after  reductions, 

C 


Rsintfj  —  atangtf) 
C 


(6) 


Rsimp^ —  atang(f/ 
Now,  it  is  easily  seen,  that  if 

RmKfj  —  cUang(//  =  flmng<ff^  —  cUang<f/}  (7) 

or, 

ji  ^  ^  tan^(f}  —  tang(f^ 

the  yalve  will  be  absolutely  in  equilibrium  at  its  extreme  positions  with- 
out any  variation  in  the  number  Ny  or  of  speed  in  the  engine. 

For  the  intermediary  pbsitions  of  the  valve,  theoretically,  the  number 
N  is  not  constant ;  but  its  variations  are  so  small  that  it  can  be  consid- 
ered practically  as  constant 

The  members  of  the  equation  (7)  represent,  respectively,  in  Fig,  2, 
the  distances  A  jB,  A^B^^  that  is,  the  projections  of  A  (7,  A}^C^  on  the 
axis  XX  ;  therefore,. those  two  projections  must  result  equal  to  each  other 
in  the  drawing. 


Gallium  Battery. — J.  Reynauld  has  succeeded  in  making  a 
battery  of  liquid  and  solid  gallium  by  means  of  a  metal  solution  of 
gallium  sulphate.  The  liquid  metal  takes  the  place  of  zinc ;  the  solid, 
of  copper;  the  former  being  negative  in  relation  to  the  latter. — 
Foriachr.  der  Zeit  C. 
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CX3NICAL  ARCHES  AT  SOUTH  ST.  BRIDGE,  PHILA.,  PA. 
,      By  D.  McN.  Staupfek,  C.  E.* 


The  Eastern  approach  to  South  St.  Bridge  in  this  citj'  is  made  up 
in  part  of  a  somewhat  peculiar  piece  of  arch-masonry,  and  as  it  con- 
tains certain  novel  features,  that  might  be  applied  with  advantage  at 
other  points,  we  will  attempt  to  briefly  describe  it. 

The  centre  lines  of  South  St.  and  the  bridge  proper  intersect  each 
other  at  an  angle  of  33°  25'  necessitating  a  curve  in  the  approach 
from  the  East,  and  to  conform  in  design  with  the  "  late  lamented " 
Western  approach,  this  curve  was  pierced  by  three  arches. 

The  ordinary  practice  in  arches  on  a  curve  is  simply  to  widen  the 
pier  ends  towards  the  outside  of  the  circle,  and  leave  the  arches  them- 
selves "right  arches."  But  it  was  thought  here  that  the  work  could 
be  much  improved  in  appearance  and  a  considerable  saving  in  masonry 
and  foundations  attained,  by  leaving  the  piers  of  the  same  thickness 
throughout,  and  throwing  the  eccentricity  into  the  arches,  and  to  this 
end  the  following  plan  was  determined  upon,  after  due  deliberation 
and  numerous  experimental  plans. 

The  foundations  of  all  the  masonry  in  the  Eastern  approach  were 
upon  hard  gravel — timber  platforms  supporting  the  masonry — ^but  as 
this  gravel  stratum  communicated  directly  with  the  river,  and  was 
from  12  ft.  to  15  ft.  below  high  tide;  the  foundations  were  expensive, 
and  any  reduction  possible  in  their  extent  was  an  item  well  worthy  of 
consideration. 

The  roadway  of  the  approach  was  55  ft.  wide  from  out  to  out,  and 
the  centre  line  of  the  curved  portion,  which  curve  was  entirely  occupied 
by  the  three  arches,  was  located  with  a  radius  of  169  ft.  6  in,  with  an 
included  angle  at  centre  of  33°  25'.  The  abutments  of  the  arches 
were  consequently  upon  the  tangents  to  the  curve. 

Each  one  of  the  two  arch  piers  was  55  ft.  long,  5  ft.  6  in.  thick, 
throughout,  and  12  ft.  high  from  foundation  to  the  springing  line  of 
the  arch.  The  material  used  in  these  piers  was  Port  Deposit  granite, 
rock-face  ashlar,  cut  in  courses  of  from  17  in.  to  27  in.  rise,  with 
■'^through  headers"  liberally  distributed  throughout  the  length  of  the 

*  A  paper  read  before  the  Engineers*  Club  of  Philadelphia. 
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pier.  The  Skewback  and  coping,  forming  one  piece  was  of  Maine 
granite,  hammer-dressed,  and  nearly  every  o\h&c  section  extended 
across  the  pier,  making  a  double  skewback,  the  sections  averaging 
4  ft.  in  width. 

The  centre  line  of  each  pier  was  located  on  a  radial  line  of  the 


si£Mnoif  or  s/rc//£* 


\  '  '  '' 
\  J ' ' 


curve,  the  sides  of  the  pier  being  parallel  to  this  radius,  and  2',  9''' 
distant  from  it.  The  bounding  radii  of  the  curve  fell  in  like  manna" 
2'  9''  inside  the  abutments,  making  the  plan  of  the  three  arches  equal, 
and  in  dimensions  as  follows :  Each  arch  was  55  ft.  long,  the  chord 
span  at  the  inner  end  22  ft.  1  in.,  and  at  the  outer  end  32'  9f .     The 
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rise  of  the  arch  waa  11  ft.  J  in.  throughoutj  the  springing  line  and 
crown  of  the  arch  being  both  horizontal. 

This  arch  is  really  a  portion  of  a  cone,  and  may  perhaps  be  better 
described  as  follows :  The  line  of  the  cr(ywn  of  the  arch  would  fall  in 
the  "slant  height"  of  the  cone,  and  the  plane  of  the  springing  line, 
would  be  a  plane  parallel  to  the  slant  height,  and  cutting  the  axis  of 
the  cone  at  the  point  which  represents  the  face  of  the  smaller  end  of 
the  arch,  thus  making  the  rise  at  that  smaller  end  equal  to  one  half  its 
chord  span.  The  ends  of  the  arch  were  cut  at  right  angles  to  the 
slant  height  of  the  cone, 
and  would  be  theoretically 
ellipses,  but  in  this  case 
the  angle  made  with  the 
axis  of  the  cone  was  so 
nearly  90*^  that  they  were 
treated  as  circular  arches. 
The  fact  that  the  spring*- 
ing  lines  were  actually 
the  flatter  portions  of  a 
parabola  —  instead  of 
straight  lines — ^was  in  like 
manner,  and  for  a  like 
leason,  disregarded. 

The  smaller  arch  was 
regarded  as  a  full  cen- 
tred arch  of  22'  V  span 
and  11'  OJ"  rise,  and  the 
other  as  a  "segmental" 
arch  of  32'  9f 
and  11'  OJ"  rise. 

Maine  granite  was  used  for  the  ringstones  and  hard  burned  brick 
for  the  arch  proper.  The  brick  ring  was  24  in.  thick,  and  laid  in 
cement  mortar,  formed  of  one  portion  Rosendale  hydraulic  cement  and 
one  part  clean  sharp  river  sand.  The  bond  used  in  the  brickwork  can 
be  better  understood  by  an  examination  of  the  accompanying  Pig. 
2.  The  advantages  of  this  bond  were  as  follows:  First,  and  most 
important,  by  this  arrangement,  the  thickening  of  the  mortar  joint  as 
the  extrados  of  the  arch  was  approached  was  confined  to  the  lengtii  of 
one  bricky  and  this  would  be  the  case  no  matter  how  thick  the  ring, 
Wholb  No.  Vol.  CVII.— (Third  Series,  Vol.  Ixxvii.)  14 
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2d,  The  arch  was  divided  in  its  length  into  a  series  of  true  vousscnrs, 
the  bond  repeating  itself  in  each  8  courses.  And  3d.  The  intrados  of 
the  arch  was  uniform  in  appearance,  the  bond  being  a  "header  and 
stretcher  bond"  everywhere;  in  case  of  any  settlement  and  conse- 
quent cracking  of  the  arch,  bricks  arranged  as  these  were  could  not 
fall  out  of  the  arch  as  readily  as  in  a  bond  formed  of  a  series  of 
headers  and  a  series  of  stretchers  alternating,  a  common  form  of  ardi 
masonry. 

The  arch  centres  were  built  of  8"  X  8"  white  pine  timber  and  2  in. 
plank,  bolted  together  with  1  in,  bolts ;  they  were  spaced  5  ft.  apart  from 
centres,  of  ribs,  and  covered  with  a  2  in.  planed  lagging.  The  chord 
span  of  each  rib,  in  the  length  of  any  one  arch,  was  of  course  differ- 
ent from  the  rest,  and  to  insure  accuracy  in  this  point,  each  rib  was 
struck  out  upon  a  platform  separately  and  framed  on  this  platform. 
The  ordinary  "double  wedge  and  key''  was  used  in  striking  them. 

One  end  of  the  conical  arch  being  treated  as  a  "full  centre"  ardi, 
and  the  other  as  a  "segmental"  arch,  the  skewback  joining  them 
would  be  in  theory  a  winding  surface.  But  as  economy  of  cash  was 
the  governing  principle  in  this  work,  advantage  was  taken  of  the  use 
of  brick  in  the  arch,  and  the  skewback  was  made  to  approximate  to 
theory  by  dropping  the  top  of  each  section,  say  every  four  feet,  one 
half  inch  below  its  neighbor,  and  cutting  the  face  of  the  skewback  to 
suit,  cut  without  a  "  twist."  In  this  way  a  series  of  slight  steps  was 
formed,  passing  from  a  radius  of  2  ft.,  and  a  sine  of  10  in.  at  the 
segmental  end,  to  zero  or  a  horizontal  plane,  three  feet  back  of  the 
full  centre  arch. 

As  the  ringstones  had  all  to  be  laid  on  lines  radiating  from  the  apex 
of  the  generating  cone,  the  angle  formed  by  the /ace  of  each  ringstone 
and  the  irvtrados  of  the  arch  was  one  uniformly  but  constantly  vaiy- 
ing  from  the  key  to  the  springing  line.  The  keystone  was  the  only 
one  in  which  this  angle  was  just  90°.  In  the  segmental  arch  the 
angle  increased  from  90°  at  the  crown  to  95°  20'  at  the  spring,  and 
at  the  full  centre  end  the  angle  decreased  from  90°  at  the  crown  to 
84°  40'  at  the  springing  line.  Each  ringstone  taken  in  the  direction 
of  its  length  was  wedge-shaped,  with  its  face  wider  or  narrower  than  its 
back  as  it  was  located  in  the  segmental  or  full  center  end  of  the  arch. 

As  the  curved  portion  of  the  approach  was  finished  on  top  with  a 
finely  cut  granite  coping  set  on  a  regular  curve,  the  ringstones  had  to  be 
laid  on  the  centres  to  fit  this  vertical  curve,  with  its  radii  of  197  ft. 


Digitized  by 


Google 


Mar.,.  1879.]  Stauffer — Conwal  Arches.  196 

and  142  ft.  respectively.     The  versed  sine,  or  the  horizontal  distapoe 

between  the  extreme  point  in  the  horizontal  curve  of  the  arch  face  at 

the  crown,  and  a  chord  line  drawn  at  the  spring  of  the  arch,  was  at 

the  segmental  end  9  in.,  and  at  the  other  end  5  in.  nearly. 

All  the  granite  work  in  these  arches,  except  that  used  in  the  piers, 

was  cut  at  the  quarries  in  Maine,  and  to  avoid  the  necessity  of  making 

and  shipping  a  zinc  pattern  to  conform  to  each  face  angle  in  the  two 

sets  of  ringstones  required,  the  following  plan  of  giving  these  angles 

was  devised.     It  was  simple  and  worked  well  in  practice. 

An    ordinary    stone-cutter's  ^.    ^ 

-   .     -^  .-   ,  -      Fig.  3. 

square  ot    iron   was  provided 

with  a  sliding  graduated  bar, 
and  a  set-screw  as  shown  at 
Fig.  3.  A  separate  bar  with 
its  proper  graduations  stamped 
and  numbered  upon  it  was 
provided  for  the  two  ends  of 
*  the  arch,  there  being  43  ring- 
stones  in  the  segmental  arch  and 
only  35  in  the  full  centred 
arch.  When  used,  the  bar  was 
placed  at  the  top  of  the  square 
when  the  face  angle  decreased 

from  a  right  angle,  and  at  the  bottom  when  this  angle  was  more  than 
90°.  As  each  stone  was  cut  it  had  a  number  and  a  letter  painted  upon, 
denoting  its  position  in  the  arch,  so  that  they  were  readily  put  in  place. 
We  should  add  that  as  the  angles  varied  uniformly,  a  length  on  the 
bar  equal  to  the  tangent  of  the  angle  of  greatest  variation,  from  a  per- 
pendicular to  the  bed  of  the  stone,  with  a  radius  of  two  feet,  was  divided 
into  as  many  parts  as  there  were  ringstones  between  the  springing  line  and 
the  key.  The  ringstones  were  rock  face  with  1  J''  draft,  and  the  offset 
between  any  two  adjoining  ringstones  was  so  slight  that  no  attempt  was 
made  to  conform  to  the  winding  face  surface  that  theory  required. 
The  "pointing"  was  so  managed  as  to  hide  the  slight  variation  that 
did  exist.  The  bed  of  the  ringstone  was  first  cut  to  a  zinc  pattern, 
then  the  build,  and  finally  the  face  angle  obtained  with  the  square  as 
above  described. 

The  haunching  of  the  arches  was  built  of  well-bedded  lime  stoiie 
from  the  Conshohocken  quarries,  laid  dry,  and  thoroughly  grouted, 


Digitized  by 


Google 


i  96  Ghraphio  Freight  Diagrams.  [Jour.  Frank.  Inst^ 

with  one  part  Boeendale  cement  to  two  paiifi  of*  sharp  sand,  at  every 
2i  ft.  in  height.  The  foundations,  were  of  the  same  stcHie,  kid  in 
cement  mortar. 

From  the  forgoing  description  it  will  be  seen  that  strict  theory  wa* 
in  all  cases  sacrificed,  whenever  it  could  be  done  without  injury  to  the 
stability  of  the  work,  and  mudi  money  was  saved  thereby.  The  final 
result  was  a  piece  of  arched  work  that  has  stood  perfectly  in  all  its 
parts,  and  while  possessing  many  advanti^es  in  appearance,  really  cost 
less  than  the  more  clumsy  form,  often  adopted  in  similar  cases. 


GRAPHIC  FREIGHT  DIAGRAMS, 

At  the  meeting  of  the  Franklin  Institute,  Mr.  P.  H,  Dudley  pre- 
sented his  method  of  constructing  digrams  showing  ^graphically  the 
cost  of  moving  freight  for  a  particmar  railroad,  of  which  the  following 
is  a  brief  description : 

The  general  basis  of  estimate  being  the  cost  of  moving  the  entire  ton- 
nage of  freight  cars,  locomotives  and  cabooses,  of  the  freight  depart-: 
ment,  for  one  year. 

The  expenses  of  doing  the  business  of  a  railroad  were  considered  a* 
formed  by  the  operation  of  two  distinct  principles,  viz. : 

1st.  Those  which  were  independent  of  the  volume  of  business  done, 
such  as  expense  of  organization  for  a  prospective  business,  interest  on 
debts,  taxes  and  the  general  depreciation  of  the  plant  by  natural  ^^uses^ 
which  were  termed  permanent  operating  expenses. 

2d.  Those  which  were  dependent  upon  the  amount  of  business  done, 
such  as  fuel,  repairs  to  plant  due  to  service  and  increased  help,  which 
were  termed  direct  operating  expenses.  Owing  to  differences  in 
organization  and  method  of  doing  business,  each  railroad  will  vary  in 
some  of  the  details  of  classification. 

The  various  expenses  per  ton  per  mile,  so  classified,  were  plotted  oi) 
cross  section  paper,  the  abscissae  or  horizontal  lines  representing  the 
tonnage,  and  the  ordinates  or  vertical  lines  the  cost  in  dollars  and 
cents,  each  noted  per  car.  Taking  the  direct  operating  expenses  per 
ton  per  mile,  and  plotting  the  results,  the  ordinates  increase  regularly ; 
drawing  a  line  through  them  it  rises  obliquely  from,  the  axis.  Now, 
plotting  the  sum  of  the  average  permanent  and  direct  operating 
expenses  per  ton  per  mile,  and  also  a  rate  per  ton  per  mile,  we  have 
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a  means  of  comparing  the  rate  with  the  cost  per  ton  per  mile.  When 
the  plotted  rate  line  falls  entirely  below  the  direct  operating  expenses 
for  the  usual  length  of  train,  then  all  business  is  done  at  a  loss,  con- 
•sequently  the  greater  ihe  volume  the  greater  the  loss.  When  the 
rate  line  is  below  the  two  expense  lines,  then  the  excess  above  the 
"direct  operating  expense  line  tends  to  reduce  the  permanent  operating 
•expenses  (which  must  be  entirely  overcome  before  any  net  earn- 
ings are  made).  In  this  case,  the  greater  the  volume  of  busine^ 
the  less  the  loss.  Any  special  business  which  gives  a  rate  over  the 
direct  operating  expenses  should  be  considered.  When  the  plotted  rate 
goes  above  the  sum  of  both  expense  lines,  the  excess  shows  the  net 
•earning  per  ton  per  mile,  based  upon  a  like  volume  of  business.  If  the 
volume  has  increased,  the  permanent  operating  expenses  will  be 
decreased,  but  when  the  volume  is  decreased  the  expenses  will  be 
increased  p^r  ton. 

When  the  cars  are.  to  be  returned  empty,  the  direct  operating 
expenses  of  moving  both  ways  must  be  added  together  and  plotted  as 
for  one  way.  On  foreign  cars,  the  car  service  must  be  added  before 
•comparing  with  the  rate  line.  TOie  distribution  of  expenses  by  the  car 
for  trains,  gives  curved  lines  showing  that  within  the  limit  of  train 
lengths,  the  expense  decreases  per  car.  The  oblique  lines  also  show 
the  economy  of  long  trains,  as  each  car  tends  to  reduce  the  cost  of  mov- 
ing the  tonnage  of  the  locomotive  and  caboose.  Various  items  of 
•expense  are  plotted  in  detail.  A  difference  of  y^jVir  ^^  ^  ^^*  ^^  ^^^ 
Tate  will  show.  Many  of  the  elements  of  the  expenses  were  determined 
by  the  use  of  the  dynograph. 


Stability  of  Verticals. — Mouchez  and  Gaillot,  the  astronomers 
who  computed  the  intra-Mercurial  orbits  which  agreed  so  closely  with 
harmonic  prediction,  have  turned  their  attention  to  the  mooted  ques- 
tion whether  vertical  lines  are  changeable.  As  a  preliminary  result, 
they  find  that  there  are  extreme  differences  of  nearly  a  second  of  arc ; 
that  the  variations  from  the  mean  are  greatest  in  summer  and  in  win- 
ter ;  that  they  are  probably  due  to  temperature,  either  through  influ- 
•ences  on  the  instriunents  or  on  astronomical  refractions.  The  researches, 
which  are  very  delicate,  are  still  in  progress  at  the  Paris  observatory. — 
Comptea  Bendus.  C, 


Digitized  by 


Google 


198  ConHniMua  Bailway  BraJces.        [Jour.  Frank.  Inst^ 

Ckintinuous  Hallway  Brakes. — Itl  the  oourse  of  his  experi- 
ments  with  railway  brakes,  Captain  Dingles  Dalton  has  among  other 
things  clearly  proved  that  the  brake  force  required  to  produce  the 
maximum  effect  varies  according  to  the  speed.  It  must  be  very 
great  when  first  applied  and  then  must  be  reduced  as  the  speed 
decreases  so  that  skidding  may  be  avoided.  He  also  concluded  that 
tiiis  could  best  be  accomplished  by  utilizing  the  friction  between  the 
brake  blocks  and  the  wheels,  for  regulating  the  pressure  by  which 
that  friction  was  produced.  Quite  recently  he  has  made  some  experi- 
ments with  a  new  valve  design  by  Mr.  Westinghouse,  for  the  pur- 
pose for  reducing  the  pressure  and  set  in  action  by  the  brake  pressure* 
This  valve  was  found  to  give  verj'  promising  results,  and  to  reduce 
the  pressure  in  accordance  with  the  requirements,  except  at  the 
last  moment  before  the  train  was  brought  to  rest,  when,  in  conse- 
quence of  the  discharge  aperature  being  rather  too  small,  the  air  could 
not  escape  from  the  brake  cylinder  quite  quickly  enough  to  avoid  in 
every  case  a  slight  final  jerk.  In  the  former  experiments  the  best 
results  could  only  be  obtained  by  carrying  the  exact  amount  of  pres- 
sure which  was  required  for  the  speed  from  which  the  stop  was  made^ 
and  which  in  every  case  had  been  previously  determined ;  and  the 
pressure  was  reduced,  as  the  train  speed  fell  by  the  manipulation  of  the 
temporary  reducing  valve.  When  theinitial  pressure  was  accidentally  too 
high,  or  when  it  was  not  reduced  soon  enough,  skidding  was  always  pro- 
duced, with  corresponding  loss  of  efficiency.  In  the  present  experiments, 
it  was  found  that,  however  great  the  initial  air-pressure,  the  new  valve 
would  not  allow  too  much  force  to  be  exerted  against  the  Mocks,  so 
that  an  initial  pressure  which  in  ordinary  circumstances  would  have 
produced  immediate  skidding  was  rendered  unable  to  do  so.  The 
diagrams  of  the  brake-block  pressure,  taken  with  the  valve  in  use^ 
show  exactly  the  force  required  at  all  speeds,  or  the  very  point  which 
it  was  hoped  might  be  determined  by  the  earlier  experiments.  By  the 
use  of  this  simple  contrivance,  maintained  in  action  by  the  friction  of 
one  of  the  brake  blocks,  more  information  has  been  gained  in  a  single 
day  with  regard  to  the  amount  of  brake  power  which  should  be 
applied  at  any  given  speed  than  in  the  whole  of  the  former  experi- 
ments, which  were  continued  over  nine  days.  Twelve  stops  were  made 
by  slipping  the  van  from  the  engine,  and  the  reducing  valve  was 
changed  several  times,  so  as  to  be  opened  by  a  greater  or  less  amount 
of  friction.     The  results  obtained  were  as  follows : — ^Speed  in  miles 
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per  hours^  and  yards  run  before  stopping — 45  and  96  ;  53  and  171 ; 
55  and  171 ;  55  and  141 ;  60  and  171 ;  60  and  167  ;  62  and  176  ; 
64  and  227;  55  and  195;  57  and  206;  57  and  223;  60  and  214. 
The  last  five  stops  on  the  ^bove  list  were  made  with  the  valve  so 
adjusted  as  to  be  opened  by  a  brake-block  friction  which  would  not 
produce  skidding  even  on  a  wet  rail,  while  in  all  other  cases  it  was  so 
adjusted  as  to  produce  the  greatest  amount  of  retardation  on  a  dry 
rail.  The  action  of  the  valve  was  such  as  to  render  it  apparent  that 
its  employment  in  ordinary  traffic,  when  perfected  for  this  purpose, 
would  be  of  great  practical  utility.  The  air  was  heard  to  escape  con- 
tinually, and  the  valve  was  highly  sensitive.  If  an  appliance  of  this 
kind,  so  simple  in  its  construction  and  so  certain  in  its  operation,  were 
attached  to  every  vehicle,  and  were  so  set  as  to  open  before  the  adhesion 
attainable  on  a  wet  rail  was  exceeded,  it  would  become  immaterial 
whether  the  driver  maintained  only  a  certain  pressure  for  a  certain 
speed,  or  whether  he  carelessly  applied  his  brake  with  a  high  pressure 
when  running  at  a  low  speed.  The  valves,  already  adjusted  for  the 
required  amount  of  retardation,  would  act  of  their  own  accord,  and 
would  only  allow  the  proper  degree  of  pressure  to  be  exerted  by  the 
brake-blocks.  The  stops  would  then  always  be  made  within  given 
distances  for  given  rates  of  speed. — Iron.  * 

Telegraphing  to  Running  Trains. — 0.  M.  Grariel  describe*^  the 
successful  working  of  Baillehache's  invention  for  signalling  to  and 
from  trains  in  motion,  on  a  part  of  the  line  which  connects  the  Champs 
de  Mars  with  the  station  at  Grenelle.  The  experiments  were  so  suc- 
cjessful  that  they  are  likely  soon  to  be  repeated  on  a  much  larger  scale. 
— La  Nature.  C, 

Changes  of  Spectra. — ^If  a  small  quantity  of  mercury  is  placed 
in  a  hydrogen  Geissler  tube,  E.  Wiedeman  finds  that  an  induction  cur- 
rent gives  the  hydrogen  spectrum  at  ordinary  temperature.  But  if 
the  tube  is  warmed  in  an  air-bath,  as  the  temperature  rises  the  mer- 
cury lines  appear,  while  the  hydrogen  lines  grow  fainter  and  finally 
disappear.  If  a  tube  of  hydrogen  and  nitrogen  is  warmed  at  any 
point,  so  as  to  free  sodium  or  other  metals  from  the  glass,  the  hydro- 
gen and  nitrogen  lines  vanish  almost  entirely  while  the  lines  of  the 
metal  appear.  Does  the  hydrogen  disappear,  or  is  it  transmuted  into 
some  other  substance? — Comptes  Retidua.  C. 
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American  Bridge-building.— In  an  address  upon  the  public 
works  of  the  United  States,  M.  Malezieuj^  compliments  the  AmericMi 
engineers  upon  their  skill  in  building  bridges  of  large  span,  and  says 
that  all  other  nations  may  borrow  many  useful  hints  from  diem  in 
regard  to  the  use  of  compressed  air  in  laying  foundations. — Ann,  des 
Fonts  d  Chauas.  C. 

Interesting  Experiment. — ^On  the  4th  of  August,  Paster  en- 
closed some  vine-sets  in  hot-beds,  almost  hermetically  sealed.  The 
grapes  ripened  about  Oct.  10th.  Grapes  that  had  ripened  in  the  open 
air  fermented  in  less  than  48  hours,  in  a  temperature  varying  between 
25°  and  30°  (77°  to  86°F.),  but  those  that  ripened  under  glass  remmned 
unchanged.  This  result,  which  had  been  predicted  by  Pasteur,  lends 
strong  confirmation  to  his  views. — Comptes  Rendua.  C. 

Japanese  Coal  Beds. — ^The  Japanese  government  has  offered  a 
liberal  subvention  for  the  development  of  the  coal  basin  in  the  island 
of  Yesso,  where  the  supply  is  said  to  be  sufficient  to  furnish,  for  a 
thousand  years,  as  much  as  is  now  mined  in  Great  Britain.  The 
apprehension,  which  is  already  felt  from  the  competition  of  the  Mongolian 
races,  will  be  still  more  reasonable  when  they  have  felt  the  full  use  of 
the  principal  element  of  European  industrial  wealth. — Lea  M<mdea. 

C. 

Delicate  Measurements  of  Contacts.— C.  M.  Goulier  states 
that  if  the  eye  is  so  placed  as  to  see  the  ivory  point  of  a  Fortin  bar- 
ometer in  the  same  direction  as  the  image  of  the  cap  which  the  mercury 
reflects,  while  the  rest  of  the  surface  reflects  the  sky,  the  naked  eye 
can  readily  distinguish  the  slightest  indentation  of  the  point  into  tixe 
mercury.  By  experiments  with  a  vertical  micrometric  vise,  he  found 
that  he  could  estimate  the  contacts  within  less  than  ^-J^  of  a  millimeter 
{'OOOlSjn.).— Comptes  Rendua.  C. 

Ancient  Milanese  Aqueducts. — In  making  excavations  for  a 
new  system  of  sewerage,  E.  Bignami  Sormani  has  found  well- 
preserved  remains  of  two  ancient  aqueducts,  which  were  evidently 
used  for  conveying  fresh  water,  probably  for  the  supply  of  fountains 
and  other  domestic  uses  in  early  palaces  or  villas.  The  pipes  are  of 
terra-cotta,  and  Sormani  is  inclined  to  refer  them  to  the  time  of  the 
Roman  Empire,  the  form,  mode  of  construction  and  general  details 
being  indicative  of  a  great  antiquitj'. — H  Politecnico.  C. 
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Soluble  Olaes  in  Bronzing. — ^B5ttger  varnishes  objects  of  wood, 
porcelain^  glass  or  metal  with  soluble  glass,  and  then  shakes  bron^ 
powder  over  them.^ — Dingier^ s  Journal.  C. 

Bleaching  Diamonds. — Ch.  Riballier  recommends  heating  grey 
or  brown  diamonds  with  carbonate  of  lime  and  powdered  coal  in  air- 
tight crucibles,  and  allowing  them  to  cool  slowly. — Ding.  Jour.     C. 

Rotating  Steam-Engine. — ^A.  MUller,  of  Cologne,  connects  a 
number  of  turbines  in  a  common  casing,  the  diamet^  of  the  turbines 
gradually  increasing.  The  steam  enters  the  smallest  and  escapes  from 
the  largest.  This  contrivance  is  said  to  be  very  economical  either  for 
^teani  or  under  a  head  of  water.' — Dingier^ 8  Journal.  C. 

Retention  of  Heat. — M.  Degremont  glues  upon  cloth  a  series 
of  small  segments  or  rods  of  wood  to  form  a  sheathing  for  steam 
pipes.  It  has  the  advantage  of  being  easily  removed  and  replaced, 
whidii  is  not  the  case  with  most  heat  retainers.  Smsdl,  round-headed 
nails  are  used  to  prevent  ccHitact  between  the  wood  and  the  pipe,  and 
to  enclose  a  layer  of  air  between  tlie  pipe  and  the  sheathing. — BulL 
de  la  Soc.  (Vlhicour.  C. 

A  New  Element. — Marc  Delafontaine  announces  the  discovery 
of  the  oxide  of  a  new  metal,  to  which  he  gives  the  name  of  Philippium 
£Pp.]  in  honor  of  his  benefactor,  Phillipe  Plantamour,  of  Geneva,  the 
friend  and  pupil  of  Berzelius.  He  is  pursuing  a  comparative  study 
of  the  compounds  of  Philippium  and  of  Terbium,  and  he  jwoposes 
soon  to  publish  a  memoir  in  which  he  will  describe  the  processes  of 
preparation  and  purification. — Caniptes  Rendus.  C. 

A  Silver  Mill  in  the  Clouds. — The  largest  and  best  arranged 
silver  mill  ever  made  has  been  lately  built  by  the  Pacific  Iron  Works, 
of  San  Francisco,  for  the  Cerro  de  Paseo  Mining  Company,  in  Peru. 
It  has  80  stamps,  weighing  900  lbs.  each  ;  44  five-foot  amalgam-pans ; 
22  nine-foot  reservoirs,  with  all  the  belongings  of  the  newest  and  best 
kind.  It  is  made  in  sections,  with  no  single  piece  heavier  than  500  lbs., 
because  it  must  be  carried  by  mules  over  very  steep  paths,  about  150 
miles  east  of  Lima,  to  a  height  of  more  than  14,000  feet.  There  are 
17,000  pieces  altogether, 4iaving  an*aggregate  weight  of  over  600  tons. 
The  whole  mill  was  built  and  shipped  inside  of  fifty  days.  The  Cerro 
de  Paseo  mines  are  the  richest  and  most  famous  in  the  world,  having 
already  yielded  more  than  $500,000,000  worth  of  silver. — Der  Techniker. 

C. 
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Large  Steam-Pump. — Pittsburgh  has  the  largest  steam-pump  in 
the  world.  It  weighs  1500  tons,  cost  $423,350,  and  pumps  14,240,- 
000  gallons  of  water  per  day.  Thos^  next  in  size  are  one  at  the 
Lehigh  Zinc  Mines,  with  a  service  of  3,450,000  gallons,  and  the 
two  Chicago  pumps,  with  a  service  of  4,500,000  gallons. — Der 
Techniker,  C. 

The  Mi(»r(^one  as  a  Thief-Catcher.— An  Englishman  m 
India,  finding  that  his  oil  disappeared  with  wonderful  rapidity^ 
attached  a  microphone  to  the  can,  with  a  wire  leading  to  his  bed  cham- 
ber. Soon  after  he  had  closed  the  house  for  the  night,  he  heard  a  gurg- 
ling noise,  and,  running  quickly  down  stairs,  he  caught  the  thief  in  the  act 
of  filling  his  own  flask  from  the  can. — Der  Teehmker.  C. 

High  Trees. — ^The  highest  sequoia  tree  in  the  United  States  is  in 
Calaveras  grove,  near  Stockton,  California.  It  is  325  feet  high.  A 
eucalyptus  was  once  felled  in  Australia  which  was  500  feet  high,  with  a 
circumference  of  only  nine  feet.  Near  Fernshaw,  in  the  Danderong 
District,  Victoria,  an  "  almond-leaf  gum "  {eucalyptus  amygdalesim) 
has  lately  been  found  which  measures  380  feet  from  the  ground  to  the 
first  branches  and  450  feet  to  its  top,  thus  exceeding  the  California 
tree  by  125  feet. — Der  Techniker.  C. 

Ckinstitution  of  NebulsB. — In  the  "Investigations  upon  the 
height  of  the  atmosphere  and  the  constitution  of  gasiform  cosmical 
bodies,''  A.  Ritter  deduces  the  following  law :  "  If,  in  consequence  of 
increase  or  diminution  of  heat,  the  radius  of  the  gaseous  globe  under- 
goes a  change,  the  temperature  of  its  centre  also  changes ;  but  the 
product  of  the  radius  into  the  central  temperature  is  constant."  If 
p,  V,  T,  res}>ecti vely,  designate  the  pressure,  specific  volume  and  abso- 
lute temperature  of  a  definite,  minute  portion  of  the  body,  pv  *= 

constant ;  Tv^  =constant;  — =constant.    Since  Neptune's  orbital  radius 

P 
is  about  6,000  times  as  great  as  sun's  present  radius,  according  to  the 

above  law  the  sun's  central  temperature  is  now  about  6,000  times  as 
great  as  when,  according  to  the  Kant-Laplace  hypothesis,  the  sun  was^ 
expanded  to  the  orbit  of  Neptune.  Of  the  whole  work  which  has 
been  performed  by  gravity  during  that  immense  interval,  more  than 
four-fifths  is  still  stored  within  the  sun's  mass  in  the  form  of  heat. — 
Ann,  der  Phys,  u.  Chem,  C. 
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Purification  of  Fatty  Waters.— Prof.  F.  Hetet  has  described 
his  automatic  apparatus  for  the  purification  of  fatty  waters  by  lime  water 
both  for  the  purification  of  boilers  and  for  making  distilled  water  drink-^ 
able.  The  French  Navy  Department  has  adopted  his  method  for  all 
boilers  with  surface  condensers. — -BtUl.  de  la  Soc.  d'Enoour.  C 

Parallel  Pincers. — Robert  Muencke,  in  Dingler's  J&umal  (1878^ 
230,  36),  describes  a  useful  contrivanoe  for  holding  retorts,  alembics,, 
tubes,  etc.,  in  chemical  laboratori^  They  are  made  on  the  ^inciple 
of  the  parallel  vise.  Their  close  grip  and  the  Various  uses  to  which 
they  may  be  applied  will  doubtless  give  them  a  wide  popularity.  C. 

Harbor  of  Alexandria. — Alexandria  has  the  largest  artificial 
liarbor  in  the  world.  The  outer  breakwater  is  two  miles  long ;  a  tongue 
of  land  curves  around  the  harbor,  so  that  there  is  no  exposure  to  the 
winds  and  waves,  except  the  straight  and  deep  canal  which  serves  as 
an  entrance.  The  solidity  of  the  breakwater,  quays  and  jetties  does 
great  credit  to  the  contractors,  who  finished  the  whole  in  eight  years. 
— Les  Mondes.  C. 

Stability  of  Molecular  Systems. — In  discussing  the  constitu- 
tion of  matter,  Wurtz  describes  the  various  movements  of  vibration,, 
rotation,  gliding,  rectilinear  progression  and  orbital  revolution,  to  which 
the  atoms  and  molecules  of  all  bodies,  solid,  liquid  and  gaseous  are  con- 
tinually subjected.  To  the  question  whether  all  these  varied  and  con- 
tinual motions  are  not  sources  of  instability,  he  answers :  Quite  the 
reverse.  If  the  atomic  aggregations  were  immovable,  they  would  be 
more  unstable  than  they  are  while  moving ;  the  familiar  example  of 
the  bicycle  illustrates  the  influence  of  motion  on  the  stability  of  equil- 
ibrium.— Bib.  8ei.  Intemat,  C. 

Allotropy  of  Metals. — M.  Schutzenberger,in  his  investigations  of 
die  different  molecular  states  of  metals,  finds  that  other  metals  than  anti- 
mony, especially  copper,  lead  and  silver,  take  allotropic  forms  when 
precipitated  from  saline  solutions,  by  electrolysis  or  otherwise.  He 
predicts  that  this  will  prove  to  be  the  case  with  a  large  majority  of 
metals.  The  less  active  and  more  stable  modification  is  formed  at  the 
expense  of  the  other,  with  loss  of  heat,  like  red  phosphorus  from  ordi- 
nary phosphorus,  or  oxygen  from  ozone.  Allotropic  copper,  when  oxy- 
dizing  in  the  air,  takes  brilliant  rainbow  hues,  which  may  have  a  val- 
uable industrial  application. — BvM.  de  la  Soc.  d'Encour.  C» 
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Interpretation  of  Imaginary  Boots. — M.  Appell  show^  Aat, 
in  8ome  oases^  the  imaginaiy  roots  of  time-equations,  in  mechanics, 
represent  a  simple  reversal  of  the  direction  of  the  c(»istant  force. — 
Cbmptea  Rendus.  C. 

Renewal  of  Files. — The  application  of  Tilghman's  sand-blast  to 
the  restoration  of  worn-out  files  is  becoming  very  general  in  Europe. 
A  file  of  moderate  dimensions  requires  only  three  or  four  minutes  for 
renovating.  The  process  can  be  repeated  many  times  before  the  files 
need  to  be  recut,  and  the  sand-blast  sharpening  lasts  six  times  as  long 
as  any  other.  The  sand  should  be  very  fine  and  driven  wit^  great 
velocity .-*-ia  Gaceta  Indusbnal.  C. 

Early  SllOW. — "The  oldest  inhabitant"  of  Vienna  does  not 
remember  so  heavy  a  snow-fall  in  the  early  part  of  November,  as  that 
of  the  present  season.  The  squall  began  soon  after  midnight  and  con- 
tinued through  the  whole  day  of  Nov.  3.  By  11  A.  M.  it  was  almost 
impossible  to  move  in  the  streets.  In  the  public  gardens,  at  the  Prater 
and  on  the  Ring,  the  havoc  was  fearful,  and  many  of  the  beautiful 
trees  of  the  Ringstrasse  were  seriously  injured.  Many  of  the  cast  iron 
telegraph  poles  were  thrown  down,  and  one  of  them  killed  a  passer-by. 
Telegraph  wires  were  broken,  and  on  some  of  the  lines  communication 
was  interrupted  for  several  days. — Les  Mondes.        *  C. 

Electro-Chemical  Action  Under  Pressure. — In  a  series  of 
about  50  experiments,  each  of  which  continued  for  several  hours,  and 
during  which  pressures  of  100,  200,  300,  etc.,  atmospheres  were  main- 
tained, A.  Bouvet  found  the  following  laws :  1.  The  decomposition 
of  water  by  a  current  is  independent  of  its  pressure.  2.  The  quantity 
of  electricity  necessary  to  decompose  a  given  weight  of  water  is  sensi- 
bly the  same,  whatever  may  be  the  pressure.  The  laws  are  in  perfect 
accordance  with  the  mechanical  theory  of  heat,  the  work  being  repre- 
sented by  the  formula : 

T,  work ;  Vj,  final  volume ;  V,  volume  of  compressed  gas ;  P,  pres- 
sure. Bouvet  claims  to  have  pointed  out  the  principles  of  Cailletet 
and  Pictet,  in  a  memoir  addressed  to  the  French  Academy  Oct  8, 
1877.— Cbwipte8  Rendm.  C. 
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Begistexing  ElectrOHietef. — ^The  quantitieB  of  atmoepberic  elec- 
tricity and  terrestrial  magnetism  are  so-  minute  that  they  have  hitherto 
been  measured  by  delicate  apparatus  and  recorded  by  photography^  a 
process  which  is  very  costly  and  often  unsatisfactory.  Mascart  ho* 
invented  a  mechanical  register,  to  accompany  Sir  Wm.  Thomson's 
electrometer,  which  gives  admirable  results.  It  can  be  connected  with 
various  other  instruments. — La  Ncvtare.  C. 

Gypsum  in  Oemant. — During  the  past  d^oad^,  the  use  of  Gyp- 
sum for  the  improvement  of  ill-burnt  PortJand  cemeat  has  attracted 
some  attention.     F.  Schott  gives  the  following  results  of  experiments : 

Tenacitj,  after  7  day* 


Weight. 

Air. 

Water. 

Pure  cement, 

• 

100 

10-6 

8 

a           u 

with  1  p.  ct.  unburut  gypsum, 

116 

14-0 

■    — 

a           s( 

t(      Q        t(                   U                       (( 

120 

18-0 

10 

i(              u 

"   1     "  dead  burnt    « 

112 

11-0 

— 

u           u 

((   g    «          «            « 

113 

12-6 

— ■ 

u           u 

"   3  parts  sand, 

8-0 

6 

u           u 

«   3    "      "  «Sb3p.ot.u.b.gyp 

13-0 

7    ■ 

— Dingier^ 8  Journal. 

C. 

Spectral  Investigations. — E.  Wiedemann  has  studied  the  spectrum 
of  mixed  gases,  especially  in  Geissler  tubes,  with  a  view  to  extending 
the  theory  of  spectral  lines  and  bands.  The  rotary  and  oscillatory 
movements  of  the  atoms  and  molecules  appear  to  produce  periodical 
vibrations  in  the  surrounding  luminiferous  e&ther,  and  the  harmonic 
arrangements  which  have  been  pointed  out  in  ifche  lines  of  many  of  the 
chemical  elements  are  probably  due  to  those  vibrations.  The  transfer  of 
electricity  from  particle  to  particle  diiiers  in  different  substances,  so  that 
ottiy  certain  portions  are  illumined  by  the  mere  passage  of  the  spark. 
This  fact,  together  with  some  phenomena  of  fluorescence,  serves  to 
prove  that  the  oscillations  of  the  eethereal  envelopes  can  be  exerted 
without  increasing  the  living  power  of  all  the  particles,  as  would  be 
necessary  according  to  the  Kinetic  theory  of  gases.  In  order  to  test 
this  hypothesis,  Wiedemann  has  begun  a  series  of  experiments  in 
which  the  temperatures  of  the  discharges  in  Geissler  tubes  will  be 
determined  under  various  circumstances. — Ann.  der  Phys.  u.  Chem.     C. 
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SwiM  Coal. — Switf^land  has  bithai»  been  obliged  io  kapoit  all 
its  ooal,  but  a  bed  has  been  lately  diseovered-  at  Sonn^aberg,  neivr 
JjWBeme.  It  is  in  the  oldest  tertiary,  and  oontfdns  two  veins  of  about 
3000  mdres  (1'864  miles)  in  lei^tb.  It  is  of  excellent  quality,  and 
the  beds  are  thick  enough  to  be  &v(»*ably  worked,  averagii^  about 
1  metre  (39-37  inches).  Four  galleries  have  been  opened  already,  and 
a  fifth  is  under  way. — Lea  Monde».  C. 

The  Earth  Speaks. — ^In  June  last,  Palmim  first  observed  that 
the  seismograph,  with  the  aid  of  a  transmitting  microphone  and  a 
receiving  telephone,  enables  the  ear  to  hear  the  vibrations  of  the 
ground.  Eossi  subsequently  experimented  with  a  more  delicate  appa- 
ratus, and  at  each  manifestation  of  the  volcanic  eruption  he  heard  the 
same  sounds  in  the  agitated  soil.  The  two  professors  have  repeated 
their  observations  at  Pozzuoli  and  Solfatara,  with  the  same  results.* — 
Roma,  C. 

Ytterbium. — In  continuing  his  analysis  of  gadolinite,  Marignae 
finds  that  Erbium  contains  two  distinct  oxides.  One  is  of  a  pure 
rose  color,  with  a  very  characteristic  absorption-spectrum;  the  other  is 
white,  its  salts  are  colorless,  its  nitrate  is  decomposed  by  heat  without 
•coloration,  its  solutions  show  no  absorption  rays,  it  is  not  easily  attacked 
by  acids,  and  its  equivalent  is  relatively  high.  He  proposes  that  tlie 
first  shall  retain  the  name  of  Erbium,  and  the  latter  shall  be  called 
Ytterbium. — Comptes  Bendus.  C. 

Electrization  of  Plwits.— On  July  30,  1877,  M.  Celi  planted 
three  kernels  of  maize  under  each  of  two  bell-glasses.  The  weight  of 
the  kernels,  the  kind  of  earth,  and  the  quantity  of  water  supplied 
daily,  were  equalized  as  nearly  as  possible.  On  Aug.  1,  the  kernels 
sprouted.  During  two  days  the  growth  was  nearly  the  same,  under 
both  glasses.  On  the  third  day  the  plants  in  electrized  air  began  to 
develop  more  rapidly  than  the  other.  On  Aug.  10  the  following 
measurements  were  taken,  from  the  base  of  the  stalk  to  the  extremity 
of  the  upper  leaves  : 

Plants  in  electrized  air,         .         .        17  cm.  (6*69  in.) 
''      "  ordinary    "  .         .  8   "     (3-15  in.) 

— Oomptea  Bemlua.  C. 
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DedpilUH.— In  ccmdnuing  his  reBearches  upon  samarskitey  Dela- 
Fontaine  reports  the  digoDvery  df  a  new  metal  whidi  he  calls  dedpium 
(from  deeipiensy  deceitful).  This  metal  possesses  many  of  the  proper- 
^es  which  are  common  to  oerite  and  gadolinite.  He  believes  its  color 
to  be  white,  although  he  has  not  yet  separated  it  sufficiently  from  did- 
ymium  to  be  positive  on  this  point  Its  salts  are  colorless  by  them- 
selves ;  the  acetate  crystallizes  very  readily  and  appears  to  be  less 
soluble  than  that  of  didymium  but  more  so  than  that  of  terbium. — 
Comptes  Bendvs.  C. 

American  Cartridges. — The  Americans  excel  all  other  nations  ii^ 
the  quality  of  their  cartridges.  The  superiority  is  due  iji  part  to  the 
alloys  which  they  use,  in  part  to  the  machinery,  and  in  part  to  the 
skill  of  the  workmen.  The  Russian,  French,  German  and  Turkish 
Oovemments.  have  sent  official  experts  to  study  the  American  methods 
and  intelligent  mechanics  to  work  in  the  American  factories  as  jour- 
neymen. But  the  result  has  not  been  satisfactory ;  although  using  the 
same  processes,  the  cartridges  which  they  have  made  are  of  inferior 
<juality, — La  Gctceta  Industrial, 

Bridge  over  the  Douro. — ^The  Maria-Pia  bridge,  built  by  Eiffel, 
of  Paris,  has  a  central  bay  of  160  meters  (174*98  yards)  span,  the 
longest  yet  built  for  any  but  suspension  bridges.  The  other  chief 
.spans  are  the  Britannia  bridge,  140  meters ;  bridge  of  Kuilembourg, 
150  m.;  St.  Louis  bridge,  168"6  m.  Work  was  begun  in  Jan.,  1876, 
and  finished  Oct.  31,  1877.  The  weight  of  iron  is  1450  tonnes 
(3,196,700  lbs.),  of  which  750  tonnes  are  for  the  arch  and  700  for  the 
roadway  and  piles.  The  amount  of  masonry  is  4000  cubic  metres 
(6232-086  cubic  yards).— ia  Nature.  C. 

Electricity  of  Chemical  Processes. — ^F.  Braun  finds  that  the 
percentage  of  potential  energy  convertible  into  mechanical  work,  varieg 
inversely  with  the  electric  tension ;  a  sudden  change  in  the  density  of 
free  electriciiy  must  be  accompanied  by  a  development  of  heat  even  if 
it  is  not  followed  by  any  change  of  relative  distribution ;  if  induction- 
currents  in  a  spiral  excite  a  maximum  of  free  electricity,  half  of  the 
work  is  converted  into  heat ;  in  currents  of  small  intensity,  if  a  new 
current  is  added,  a  greater  development  of  heat  and  a  less  d^ree  of 
polarization  arise  when  the  new  current  is  in  the  same  direction  as  the 
original  current  than  when  the  directions  are  opposite. — Ann,  der  Phys. 
u.  Chem.  C. 
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ChlUEIoit  Filter. — ^A  metallic  reservoir  is  supplied  by  a  pipe  enter- 
ing at  the  bottom.  The  water  is  forced  by  the  pressure  of  a  hydrant, 
or  of  a  head^  upward  through  the  filtering  bed,  compressing  the  air 
before  it,  and  thus  becoming  thoroughly  aerated.  The  filter  can  be- 
readily  cleaned  by  opening  a  discharging  cock  in  the  bottom.  Faucets- 
for  drawing  the  filtered  water,  or  for  conveying  it  to  other  rooms,  are- 
inserted  above  the  bed. — La  Nature.  C. 

Oreek  Bread. — The  ancient  Greeks  used  covered  terra-cotta  uten- 
sils, called  cribanoi,  which  were  pierced  with  holes  in  their  circumfer- 
ence, and  which  were  the  prototypes  of  the  modem  "  Dutch  ovens/'' 
After  the  dough  was  put  in  they  were  surrounded  by  burning  coals,, 
and  the  heat,  penetrating  by  the  holes,  gave  a  more  uniform  tempera- 
ture than  an  ordinary  oven.  After  the  reign  of  Pericles,  Athens, 
became  renowned  for  the  skill  of  its  bakers  and  its  cooks.  They  made 
twenty  or  more  kinds  of  bread,  some  of  which  were  very  white  and  of 
excellent  flavor.  Plato  reports  that,wa  century  before  his  time,  a  Sici- 
lian baker,  named  Thearion,  had  made  great  improvements  in  his  art^ 
The  Cappadocians  made  a  very  delicate  bread,  like  Vienna  rolls,  hy 
adding  to  the  wheat  flour  a  little  milk,  oil  and  salt. — La  Mature.      C^ 

Werdermaim's  Electric  Light. — ^The  principle  is  much  like 
Beynier's.  A  slender  carbon  moves  in  a  metallic  tube,  which  serves 
both  as  cylinder  and  as  conductor  of  the  current.  A  collar  on  the 
lower  portion  connects  it  by  cords  to  a  counterpoise,  which  tends  to 
raise  the  carbon  and  keep  it  lightly  pressed  against  a  carbon  disc,  two 
inches  in  diameter,  kept  in  a  fixed  position  by  a  vertical  support,  and 
connected  with  the  negative  pole.  The  incandescence  is  limited  to  the 
portion  of  the  positive  margin  (about  f  inch)  between  the  metallic 
tube  and  the  negative  disc.  A  gramme  machine,  driven  by  ah  engine 
of  two  horse-power  gave  the  following  results :  1.  When  the  current 
was  distributed  between  two  lamps,  it  gave  a  light  of  360  candles,, 
white  and  perfectly  steady.  2.  When  divided  between  ten  lamps,  each 
focus  represented  about  40  candles,  and  the  total  resistance  of  the 
circuit  was  only  0*037  ohms.  3.  The  disc,  on  account  of  its  great 
mass,  does  not  burn  or  undergo  any  change.  The  crayons  consume 
less  than  3  inches  per  hour  for  large  lamps.  All  the  lamps  can  be 
lighted  or  extinguished  either  at  once  or  successively. — Compter 
Rendus.  C. 
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Electrophone. — ^C.  Ader  uses  a  sort  of  drum,  having  on  one  side 
a  diaphragm  of  parchm^it  paper,  about  15  cm.  (6'91  in.)  in  diameter, 
in  the  centre  of  which  are  circularly  arranged  six  bits  of  tinned  iron, 
1  cm.  (•374  in.)  long,  and  2  mm.  ('079  in.)  wide.  Upon  these  act  six 
microscopic  horse-shoe  electro-magnets,  which  are  connected  and  set  in 
action  by  a  carbon-speaking  microphone.  A  Leclanche  pile  of  three 
elements  transmits  words  and  music  so  that  conversation  can  be  heard 
5  meters  (16*4  ft.)  from  the  instrument.  The  energetic  eflforts  are  due 
to  the  minuteness  of  the  electro-magnets,  which  can  be  magnetized  and 
demagnetized  much  more  rapidly  than  in  other  systems. — Comptes 
Hendus,  C. 

Magnetism  of  Loadstone  imd  of  Steel. — ^Dr.  A.  L.  Holz  has 
investigated  the  comparative  influences  of  equal  amounts  of  magnetism 
upon  the  loadstone  and  upon  glass-hardened  steel.  He  has  reached 
some  novel  conclusions,  among  which  are  the  following :  1.  The  max- 
imum of  permanent  magnetism  in  the  loadstone,  for  equal  volumes,  is 
about  the  same  as  that  in  the  hard  steel.  2.  The  specific  magnetism 
of  the  loadstone  is  the  greatest  of  all  magnetic  bodies  yet  investigated. 
3.  The  permanent  magnetism  of  the  loadstone  is  sooner  reached  than 
that  of  steel.  4.  The  quantity  of  temporary  magnetism  which  disap- 
pears, after  the  magnetizing  force  is  removed,  is  less  in  the  loadstone 
than  in  steel. — Ann,  der  Phys.  u,  Chem.  C. 

Spontaneous  Combustion. — E.  Bing,  of  Riga,  has  experimented 
with  different  materials ;  wadding,  raw  flax,  hemp,  the  waste  from 
silk,  wool  and  cotton  spinning  as  well  as  sponge,  and  finally  wood 
dust  as  found  in  any  cabinet-maker's  shop.  Th^y  were  saturated  with 
various  fluids,  viz.,  oils,  fresh  and  in  a  gummy  state ;  turpentine,  petro- 
leum, various  varnishes,  etc. 

All  the  fibrous  materials  took  fire  when  saturated  with  any  of  these 
oils  or  with  mixtures  of  the  same.  Sponge  and  wood  dust,  on  the 
contrary,  proved  to  be  entirely  harmless. 

Combustion  ensued  most  rapidly  with  17  g.  of  wadding  and  67  g. 
of  a  strong  oil  varnish,  in  34  minutes;  while  200  g.  of  washed  cotton 
waste,  of  which  a  portion  was  saturated  with  750  g.  of  strong  oil 
varnish  and  the  remainder  wrapped  about  it,  required  almost  14  hours. 
These  materials  were  placed  in  a  well-sheltered  spot  and  subjected  to 
a  heat  of  from  18°  to  40°  (C.) 

Silk  did  not  flame  up,  but  slowly  charred.  Small  quantities  seem 
to  take  fire  sooner  than  large. —  Woehenschrift  des  Ver.  deutsch.  Ing,  P. 
Whole  No.  Vol.  CVII.— (Third  Series,  Vol.  Ixxvii.)  15 
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A  THIRD  VERIFICATION  OF  PREDICTION. 

Editors  Journal  Franklin  Institute  : 

Gentlemen: — ^Tli.  von  Oppolzer  [Comptes  RenduSj  Jan.  6,  1879) 
gives  elements,  deduced  from  eight  supposed  planetary  sun-spots,  which 
represent  another  of  my  harmonic  positions  : 

Difit.  Time. 

Von  Oppolzer,  .  .  .     -123  15-8  days. 

Chase,  predicted,       '      .  .  -120  15-1     " 

This  leaves  only  one  still  "  missing  link ''  in  the  principal  harmonic 
series,  between  the  nearest  fixed  stars  and  the  sun.  There  are  many 
secondary  or  possible  asteroidal  positions,  between  Mercury  and  the 
Sun,  one  of  which  has  been  filled  already  by  Mouchez's  second  Watson 
orbit.  Yours  truly, 

Pliny  E.  Chase, 
Haverford  College, 

February  10th,  1879. 


Book    Notices. 


The  Relative  Proportions  of  the  Steam  Engine.  By  Wm. 
D,  Marks,  Whitney  Professor  of  Dynamical  Engineering,  Univer- 
sity of  Pennsylvania.  Small  8vo,  pp.  161.  J.  B.  Lippincott  & 
Co.,  Philadelphia,  1879. 

This  is  a  course  of  lectures  on  the  steam  engine,  delivered  to  the 
students  of  dynamical  engineering  in  the  University  of  Pennsylvania, 
in  which  the  author  has  reduced  all  the  required  dimensions  to  func- 
tions of  the  steam  pressures,  length  and  number  of  strokes  and  horse- 
power. 

While  accepting  the  great  value  of  the  writings  of  Zenner,  Ponoelet, 
Huss,  Reuleaux  and  others  upon  the  subjex3t,  covering  thoroughly  the 
principle  of  the  steam  engine,  and  treating  fully  some  of  its  members, 
the  author  felt  that  a  practical  method  of  determining  the  proper  rela- 
tive proportion  of  all  parts  of  the  steam  engine,  was  still  a  desideratum 
in  the  English  literature  of  the  subject.     He  has  drawn  largely  from 
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standard  writers  upon  jwints  already  well  established,  while  he  has 
studied  fully  those  which  have  not  received  the  attention  they  deserve. 

The  book  is  clearly  printed  on  tinted  paper,  and  well  indexed. 

We  are  informed  that  this  work  has  been  adopted  as  a  text-book  in 
the  Sheffield  Scientific  School,  Lehigh  UAiversity  and  the  University 
of  California. 


Franklin    Institute, 


Hai.l  of  the  Institute,  Feb.  19th,  1879. 

The  stated  meeting  was  called  to  order  at  "8  o'clock  P.  M.,  the^  Pres- 
ident, Mr.  W.  P.  Tatham,  in  the  chair. 

There  were  present  157  members  and  47  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers  and 
reported  that  at  the  last  meeting  3  persons  were  elected  members  of 
the  Institute,  and  that  there  was  a  vacancy  in  the  Board  caused  by  the 
election  of  Mr.  Tatham  to  the  Presidency. 

The  Committee  on  the  Library  reported  the  following  donations : 

First  to  Fifth  Annual  Reports  of  the  Water  Board  of  the  City  of 
Lowell  to  the  City  Council,  January  1,  1874,  to  January  1,  1878. 

From  the  Lowell  Water  Board. 

Eighth,  Thirteenth,  Fourteenth  and  Fifteenth  Reports  of  the  Board 
and  First  and  Second  Reports  of  the  Department  of  Public  Works  of 
Chicago.     Chicago,  1869,  1874,  1875—1878. 

From  D.  S.  Mead,  Secretary. 

United  States  Geological  Exploration  of  the  Fortieth  Parallel. 
C.  King,  Geol.  in  Charge.  Vol.  1.  Systematic  Geology.  Washing- 
ton, 1878.  From  the  Chief  of  Engineers. 

Steel  plate  Portrait  of  Jolin  Sartain.  From  C.  Lartenbaeker. 

Specifications  and  Drawings  of  Patents  for  August,  1878. 

From  the  Commissioner  of  Patents,  Washington. 

Fourteenth  to  Nineteenth  and  Twentv-first  Annual  Reports  of  the 
Board  of  Trustees  of  the  Water  Works  of  Cleveland,  1869—1874 
and  1876.  From  the  Board. 
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Annual  Report  of  the  Comptroller  of  the  Currency  to  Third  Session 
of  Forty-fifth  Congress  of  the  United  JStates.     Dec.  2,  1878. 

From  J.  J.  Knox,  Comptroller,  Washington. 

Transactions  of  the  Royal  Irish  Academy.  Vol.  26,  Sdenoe,  Parts 
6 — 16,  and  Vol.  27,  Polite  Literature  and  Antiquities,  Part  1 ;  Pro- 
ceedings, Vol.  1,  No.  12;  Vol.  2,  No.  7,  and  Vol.  3,  No.  1. 

From  the  Royal  Irish  Academy,  Dublin. 

Annual  Reports  of  the  Light  Hoase  Board  to  the  Secretary  of  the 
Treasury,  for  1867  and  1869. 

From  the  Treasury  Department,  through  Hon.  Chas.  O'Neill. 

Pennsylvania  Archives.     Second  Series.     Charter,  1682. 

From  the  Historical  Society  of  Pennsylvania,  Philadelphia. 

Polar  Colonization.     A  Memorial  to  Congress,  etc. 

From  H.  W.  Howgate,  U.  S.  A. 

Researches  in  Telephony.     By  Prof.  Dolbear.     1878. 

From  the  Author. 

Conference  faite  an  palais  du  Trocad^ro  le  7  Aout,  1878.  Par  M. 
Malezieux.     Paris,  1878.  From  the  Author. 

Floral  Guide.     By  J.  Vick.     Rochester,  N.  Y.,  1878. 

From  the  Author. 

Experimental  Trials  of  the  Power  required  to  Drive  certain  Ring 
Spindles,  made  by  J.  B.  Francis,  Lowell,  Mass.     From  the  Author. 

Drift  from  York  Harbour,  Me.     By  Greorge  Houghton,  N.  Y. 

From  the  Author. 

Reports  of  Permanent  Committee  of  First  International  Meteoro- 
logical Congress  at  Vienna.     London,  1878. 

From  the  Meteorological  Committee  of  Royal  Society. 

•  Aeneidea ;  or  Critical,  Exegetical  and  Aesthetical  Remarks  on  the 
Aeneis.  By  J.  Henry.  Vol.  1  (3  parts)  and  Vol.  2  (1  part).  Duplin, 
1878.  From  the  RoyaJ  Irish  Academy. 

Greological  Survey  of  Missouri.  Reports  of  State  Greologists  for 
1855—1876.     With  two  Atlases. 

From  C.  P.  Williams,  Acting  Geologist,  Philadelphia. 

Reports  of  the  Auditor-Greneral  of  Pennsylvania  on  the  Finances 
of  the  State  for  1875—1877.  From  the  Auditor-General. 

Report  of  Chief  of  Ordnance  for  1878.     Washington,  1879. 

From  the  Chief  of  Ordnance  Bureau. 
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United  States  Geological  Explorations  of  Fortieth  Parallel.  Vol.  5. 
Botany.     C.  King,  Greolc^t  in  Chaige. 

From  the  Chief  of  Engineers. 

Brevet  d'Invention.  Law  of  1791.  Vols.  48  to  66,  1843-46. 
Vols.  81  to  93,  1863-63.  With  Index  to  Vok  41— 93.— Old  Series 
Law  of  1844.  Vols.  16  to  47,  1853-64.  Vols.  66  to  80,  1864-73 
and  86  to  88.  With  Indexes  for  Vols.  1—79,  in  4  vols.— New 
Series.     Vols.  9  to  13,  1876-78.     In  93  vols. 

Catalogues  des  Brevets  delivrfes  du  ler  Janvier,  1828,  m  31  Dec., 
1877.     In  36  vols. 

From  the  Minister  of  Agriculture  and  Commerce  of  the  B;epublic  of 
France,  Versailles. 

Cartes  des  Voies  et  Communications  de  la  France.     En  6  feuilles. 

Cartes  des  Voies  et  Communications.     En  2  feuilles. 

Cartes  de  la  Navigation  Interieur. 

Carte  du  Tonnage  des  Routes  Nationales. 

Carte  du  Tonnage  de  la  Navigations. 
From   the   Minister  of  Public  Works  of  the   Republic  of  France, 
Versailles. 

Mr.  John  Richards  read  the  paper  announced  for  the  evening  on 
Measuring  and  Grauging  Implements.*  The  subject  of  the  paper  was 
exemplified  by  a  measuring  machine  of  six  inches  capacity,  and 
believed  by  the  author  to  be  as  nearly  perfect  as  any  ever  built.  Also 
the  transfer  measuring  machine  and  a  large  number  of  gauging 
and  calipering  implements. 

In  the  discussion  which  followed  the  reading  of  this  paper,  Mr.  J. 
W.  Nystrom  stated  the  first  English  stajidard  yard  was  a  brass  bar  called 
the  parliamentary  standard,  made  by  Mr.  Bird  in  the  year  1768.  About 
two  years  later,  or  in  the  year  1760,  the  same  maker  made  another  brass 
bar  yardj^  which  was  considered  the  English  standard,  but  not  legalized 
by  act  of  Parliament  until  the  year  1825,  when  it  was  termed  the  imperial 
standard.  Its  correct  length  should  be  at  a  temperature  of  62°  Fahren- 
heit. Sir  George  Shuckburgh,  who  took  great  interest  in  correct  measures 
of  length,  compared  the  two  Bird's  standard  yards,  and  found  them  to 
differ  about  lo^oo^^s  part  of  an  inch. 

*  See  page  172. 
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In  the  latter  part  of  the  last  century,  Mr.  Troughton,  of  London, 
was  celebrated  for  having  the  most  correct  engines  for  dividing  lengths, 
and  he  was,  therefore,engaged  by  Sir  Shuckburgh  to  make  a  standard 
yard  divided  into  thirty-  six  inches  with  subdivisions,  which  yard  was 
adopted  by  scientific  men  as  the  highest  authority,  not  so  much  for  its 
correct  length,  but  principally  for  its  accurate  divisions. 

Mr.  Troughton  was  then  known  to  have  the  most  delicate  apparatuses 
for  comparing  standard  lengths,  and  was  thereupon  engaged  by  our 
government  to  make  a  standard  measure  of  length  for  the  United 
States,  equal  to  that  of  the  English.  Thus  he  made  a  brass  scale  eighty- 
two  (82)  inches  long,  which  was  deposited  in  the  Office  of  Weights  and 
Measures  at  Washington  and  adopted  by  the  United  States  Coast  Sur- 
vey.    Its  correct  length  should  be  at  62°  Fahrenheit. 

The  United  States  standard  yard  was  taken  from  this  scale,  between 
the  27th  and  63d  inches.  (See  Report  on  Weights  and  Measures,  by 
A.  D.  Bac^he,  1857.) 

It  has  since  been  found  that  the  standard  yard,  so  obtained,  was 
0*00005803  longer  than  the  English  imperial  standard  yard.  This 
difference  was  no  doubt  due  to  incorrectness  of  the  divisions  on  the 
original  scale,  or  derived  from  insufficiently  delicate  appliances  for 
reading  off  the  measure  from  the  English  standard. 

It  cannot  be  expected  that  the  divisions  on  the  English  scale  could 
be  very  correct,  from  want  of  knowledge  in  those  days  to  make  a  cor- 
rect screw,  which  is  yet  a  difficult  problem,  even  with  our  advanced 
knowledge  of  mechanic  arts. 

It  was  thus  originally  intended  to  have  the  English  and  American 
standards  of  length  alike,  and  we  ought  not  to  acknowledge  any  differ- 
ence. The  Smithsonian  Institution  published  tables  in  the  year  1859, 
comparing  the  length  of  the  English  and  American  foot  measures, 
which  makes  the  American  yard  Yi^th  parts  of  an  inch  longer  than 
the  Imperial  standard  yard,  or  a  difference  of  four  (4)  inches  per  mile. 

The  United  States  Coast  Survey  has  now  made  the  American  stand- 
ard yard  the  same  length  as  the  Imj^erial  standard  yard.  ^ 

Mr.  P.  H.  Dudley  exhibited  and  described  hLs  system  of  synchro- 
mizing  clocks  for  different  longitudes  from  a  central  -station,  and  also 
his  method  of  constructing  diagrams,  illustrating  graphically  the 
lowest  rates  at  which  railroads  can  carry  freight.* 

*See  page  196. 
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Prof.  W.  D.  Marks  described  the  working  of  his  compound  com- 
pass for  describing  arcs  of  circles  up  to  an  infinite  radius,  all  of  the 
conic  sections  for  curves  of  higher  degrees,  it  being  an  adaptation  of 
Purcelle^s  parallel  motion;  also  a  linkage  of  his  invention  for  describ- 
ing epi-  and  hypo-cycloids. 

The  Secretary  presented  a  large  astronomical  transit  and  clock,  being 
parts  of  a  set  of  instruments  built  by  Messrs.  Heller  &  Brightly  for 
the  State  University  of  Oregon. 

Deacon's  waste-water  meter,  which  makes  a  diagram  of  the  com- 
parative quantity  of  water  passing  at  any  period,  by  means  of  which 
the  wastage  from  leaks,  open  faucets,  etc.,  in  any  water-supply  system 
may  be  detected;  Ball's  device  for  making  change  with  coins, 
consisting  of  a  series  of  tubes  of  proper  sizes  to  hold  coins  of  the 
various  denominations,  and  having  at  the  bottom  of  each,  a  slide 
operated  by  a  lever  in  such  a  manner,  that  when  the  lever  is  pressed 
down,  one  piece  of  coin  is  dropped  into  a  receptacle  below.  When  the 
coins  necessary  to  make  the  sum  required  are  all  deposited,  a  slide  in 
the  bottom  of  the  receptacle  is  pushed  back  by  the  ends  of  the  fingers 
in  such  a  manner  as  to  bring  the  palm  of  the  hand  under  the  opening 
to  receive  the  coins :  Also  a  new  metallic  shingle,  made  of  sheet  iron 
cut  to  a  point  at  one  end,  and  having  corrugations  which  fit  into  each 
other  and  prevent  the  wind  from  driving  the  water  under  the  shingles 
when  laid. 

The  resolutions  of  the  Board  of  Managers  and  of  the  Committee 
on  Sciences  and  the  Arts  relative  to  the  award  of  medals  were  called 
up,  when,  on  motion,  the  whole  subject  was  laid  upon  the  table. 

On  motion,  the  Institute  went  into  the  election  of  one  Manager,  to 
serve  two  years,  to  fill  the  vacancy  reported  from  the  Board,  and  the 
Chair  announced  that  nominations  were  in  order,  whereupon  Messrs. 
Henry  Cartwright  and  John  J.  Weaver  were  placed  in  nomination. 
The  Chair  appointed  Messrs.  G.  M.  Eldridge  and  C.  Chabot,  tellers 
to  conduct  the  election,  and  after  all  had  voted  who  wished,  the 
Tellers  reported  that  Mr.  Cart^vright  had  received  40  votes  and  Mr. 
Weaver  8  votes,  whereupon  the  Chair  declared  Mr.  Cartwright 
elected  to  fill  the  vacancy  specified. 

The  President  announced  the  following  standing  committees  for  the 
current  year : 
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^  On  the  Library. — Chas.  Bullock,  Wm.  A.  Ingham,  Dr.  Isaac  Norris, 
Jr.,  Rob't  Briggs,  J.  B.  Knight,  Henry  Pemberton,  J.  Sellers  Bancroft, 
J.  E.  Mitchell,  Jos.  M.  Wilson,  Fred.  Graff. 

On  Minerals. — ^Dr.  F.  A.  Grenth,  Theo.  D.  Rand,  Clarence  Bement, 
Persifor  Frazer,  Jr.,  Dr.  W.  H.  Wahl,  E.  J.  Houston,  Otto  Luthy, 

E.  F.  Moody,  Dr.  G.  A.  Koenig,  H.  Pemberton,  Jr. 

On  Models. — C.  Chabot,  H.  L.  Butler,  Edward  Brown,  M.  L. 
Orum,  J.  Goehring,  L.  L.  Cheney,  J.  J.  Weaver,  S.  Lloyd  Wi^and, 
A.  G.  Busby,  N.  H.  Edgerton. 

On  Arts  and  Manufaxstures. — J.  J.  Weaver,  Greo.  V.  Cresson, 
Hector  Orr,  Coleman  Sellers,  Jr.,  W.  B.  LeVan,  Wm.  Helme,  J.  S. 
Bancroft,  Alfred  Mellor,  Cyrus  Chambers,  Jr.,  Greo.  Burnham. 

On  Meteorology.- — Pliny  E.  Chase,  Hector  Orr,  Dr.  Isaac  Norris, 
Jr.,  John  Wise,  Jas.  A.  Kirkpatrick,  Alex.  Purves,  Dr.  W.  H.  Wahl, 

F.  M.  M.  Beale,  H.  Carville  Lewis. 

On  Meetings. — H.  Cartwright,  Washington  Jones,  J.  B.  Knight, 
C.  S.  Close,  L.  M.  Haupt,  W.  L.  DuBois,  W.  H.  Thorne,  Cyrus 
Chambers,  Jr.,  J.  J.  Weaver. 

On  motion,  the  meeting  adjourned, 

J.  B.  Knight,  Secretary. 
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PRACTICAL  SCIENTIFIC  BOOKS. 

ELECTRIC  LIGHTING:  Its  State    !    GAS  MANUFACTURE.— A  Practi- 


and  Progress,  and  its  probable  In- 
fluence upon  the  G^  Interests. 
By  John  T.  Sprague.  8vo,  paper, 
40  cents. 

HEAT.— A  Practical  Treatise  on 
Heat,  as  applied  to  the  Useful 
Arts,  for  the  use  of  Engineers, 
Architects,  etc.  By  Thomas  Box. 
Second  Edition.  Plates.  8vo, 
cloth,  $5.00. 

COAL. — A  Practical  Treatise  on  Coal 
Mining.  By  George  G.  Andr6,  F. 
G.S.  Complete  in  two  volumes, 
royal  4to,  cloth,  containing  550 
pages  of  letter-press  and  84  plates  of 
practical  drawings.    Price,  $28.00. 

MINING  MACHINERY.— A  De- 
scriptive Treatise  on  the  Machin- 
ery, ToolSj  and  other  Appliances 
used  in  Mining.  By  G.  G.  Andr6, 
F.G-.8.  In  twelve  Monthly  Parts ^ 
royal  'itOj  uniform  with  the  Au- 
thor^s  Treatwe  on  Coal  Mining^ 
and  when  complete  will  contain 
about  150  Platen  accurately  drawn 
to  scalCy  with  descriptive  text. 
Each  part  J  price.  $2.00. 

SANITARY  ENCyNEERING:  A 
Series  of  Lectures  given  before  the 
School  of  Military  Engineering,  at 
Chatham,  1876.  By  J.  Bailey  Den- 
ton, F.G.S.  In  Divisions:  1,  Air; 
2,  Water;  3,  The  Dwelling;  4,  The 
Town  and  the  Village ;  5,  Disposal 
of  Sewage.  In  one  thick  volume  of 
^t2^ pages,  royal  Svo,  cloth,  contain- 
ing 28  plates,  135  engravings,  and 
many  valuable  tables,  $10.00. 

STEAM  ENGINE.— A  Practical 
Treatise  on  the  Steam  Engine,  con- 
taining Plans  and  Arrangements 
of  Details  for  fixed  Steam  Engines, 
with  Essays  on  the  Principles  in- 
volved in  Design  and  Construc- 
tion. By  Arthur  Rigg.  Two  hun- 
dred diagrams,  drawn  on  a  scale 
sufficiently  large  to  be  readily  intel- 
ligible, embellish  the  text;  and 
ninety-six  lithographed  plates, con- 
taining some  hundreds  of  illustra- 
tions, give  a  series  of  examples 
which  embody  most  that  is  new  and 
admirable  in  the  practice  of  mod- 
ern Engineers.  In  one  volume, 
demy  4to,  handsomely  bound  in 
half-morocco,  $17.00.  Also  in 
Twelve  Parts,  price  $1.25  each. 


cal  Treatise  on  the  Manufacture 
and  Distribution  of  Coal  Gas.  By 
Wm.  Biehards.  Numerous  wood 
engravings andlargepUites.  Demy 
Uo,  cloth,  $12.00. 

THE  STEAM  ENGINE.— Consider- 
ed as  a  Heat  Engine :  a  Treatise  on 
the  Theory  of  the  Steam  Engine. 
By  Jas.  H.  Cottrell,  M.  A.  Illus- 
trated by  Diagrams,  Tables,  and 
Examples  from  Practice.  8vo, 
cloth,  $5.00. 

WORKSHOP  RECEIPTS,  for  the 
Use  of  Manufacturers,  Mechanics, 
and  Scientific  Amateurs.  By  Er- 
nest Six)n.  Crown  8vo,  cloth,  with 
illustrations,  $2.00. 

WARMING  AND  VENTILATING. 
—A  Practical  Treatise  on  Warm- 
ing Buildings  by  Hot  Water, 
Steam  and  Hot  Air,  and  on  Venti- 
tion.  By  Chas.  Hood,  F.R.S. 
Fifth  edition,  enlarged  and  im- 
proved.   8vo,  cloth,  $4.25. 

ORNAMENTAL  PENMAN'S,  En- 
graver^s.  Sign  Writer's,  and  Stone 
Cutter's  Pocket-Book  of  Alpha- 
bets. —  Including  Church  Text 
Egyptian,  Egyptian  Perspective, 
French,  French  Antique,  French 
Renaissance,  German  Text,  Italic, 
Italic  Shaded,  Italic  Hairline. 
Monograms,  Old  English,  Ola 
Roman,  Open  Roman,  Open 
Stone,  Ornamental,  Roman, 
Latin,  Rustic,  Tuscan,  etc.  Ob- 
long 32mo,  20  cents. 

GIRDER-MAKING  and  the  Practice 
of  Bridge  Building  in  Wrought 
Iron.  By  E.  Hutchinson,  M.I.M. 
E.    8vo.    Nearly  ready. 

CONCRETE.— A  Practical  Treatise 
on  Natural  and  Artificial  Con- 
crete; its  varieties  and  construc- 
tive adaptations.  By  Henry  Reid, 
C.E.,  author  of  the  '*  Manufacture, 
of  Portland  Cement."  8vo,  cloth. 
New  edition.    Nearly  ready. 

POCKET-BOOK  FOR  CHElAlSTS, 
Chemical  Manufacturers,  Metal- 
lurgists, Dyers,  Distillers,  Brew- 
ers, Sugar  Refiners,  Photogra- 
phers, Students,  etc.  By  Thos. 
Bay  ley.  In.  convenient  torm  for 
easy  reference,  5  in.  by  3  in.,  and 
1  in.  thick,  containing  421  pages, 
bound  in  roan,  $2.00. 


it^Descriptive  Catalogue  of  our  Publications  sent  free  by  mail  on  application. 

E.  &  F.  N.  SPON,  446  Broome  St.,  New  Tork, 
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WM.  SELLERS  &  00. 


Mamiiton  Mreei, 

PHILADELPHIA . 

Engineers  and  Machinists. 

jVIANUFACTURERg  Of 

IffllKFORlRlllliDSm 

Of  Improved  and  Patented  Designs , 

CJonvenient,  C^uiek,  a^nd 

Ceonomiea^l  in  Oper*a.tioii. 

BAIiWAY  TUnW  TABUS, 

PIVOT    BRIDQES,    ETC. 


SHAFTINfi  AND  MILL  GEARING. 


Improved  Ii\jector  Boiler  Feeders, 

OPERATED  BY  A  SINGLE  MOTION  OF  A  LEVER. 


Specifications,  Photographs  and  Pamphlets  sent 
to  any  address  on  application. 
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THE  BOYDEN   PREMIUM. 


URIAH  A.  BOYDEN,  ESQ.,  of  Boston,  Mass.,  1  as  deposited  with  the  Franklin 
Institute  the  snm  of  one  thousand  dollars,  to  be  awarded  as  ^  premium  to 


"  Any  resident  of  Nort3i  America  who  shall  determine  by  ezperime&t 

▼hether  all  rajs  of  light,  and  other  ph^'sical  rajs,  are  or  are 

not  transmitted  wil^  the  same  Telocity/' 

The  following  conditions  have  been  established  for  the  award  of  this 
premium : 

X.  Any  resident  of  North  America,  or  of  the  West  India  Islands,  may  be  a 
competitor  for  the  premium ;  the  southern  boundary  of  Mexico  being  consid- 
ered as  the  southern  limit  of  North  America. 

2.  Each  competitor  must  transmit  to  the  Secretary  of  the  Franklin  Institute 
a  memoir,  describing  in  detail  the  apparatus,  the  mode  of  experimenting,  and 
the  results ;  and  all  memoirs  received  by  him  before  the  first  day  of  January 
one  thousand  eight  hundred  and  eighty,  will,  as  soon  as  i)ossible  after  this  date, 
be  transmitted  to  the  Committee  of  Judges. 

3.  The  Board  of  Managers  of  the  Franklin  Institute  shall,  before  the  first 
day  of  January,  one  thousand  eight  hundred  and  eighty-one  select  three 
citizens  of  the  United  States,  of  competent  scientific  ability,  to  wnom  the 
memoir  shall  be  referred ;  and  the  said  Judges  shall  examine  the  memoirs  and 
report  to  the  Frauklin  Institute  whether,  in  their  opinion,  and,  if  so,  which  of 
their  memoirs  is  worthy  of  the  premium.  And,  on  their  report,  the  Franklin 
Institute  shall  decide  whether  the  premium  shall  be  awarded  as  recommended 
by  the  Judges. 

4.  Bvery  memoir  shall  be  anonymous,  but  shall  contain  some  motto  or  sii^a 
by  which  it  can  be  recognized  and  designated,  and  shall  be  accompanied  by  a 
sealed  envelope,  endorsed  on  the  outside  with  saipe  motto  or  sign,  and  con- 
taining the  name  and  address  of  the  author  of  the  memoir.  It  shall  be  the 
duty  of  the  Secretary  of  the  Franklin  Institute  to  keep  these  envelopes  securely 
and  unopened  until  the  Judges  shall  have  finished  their  examination ;  when, 
should  the  Judges  be  of  opinion  that  any  one  of  the  memoirs  is  worthy  of  the 
premium,  the  corresponding  envelope  shall  be  opened,  and  the  name  of  the 
author  communicated  to  the  Institute. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments  describe4 
in  any  of  the  memoirs  to  be  repeated  in  their  presence. 

6.  The  memoirs  presented  for  the  premium  shall  become  the  property  of  thi 
PraQklln  Institute,  and  shaU  b^  publfphed  as  it  may  direct 
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JESSTTI>  &  MOORE, 

PAPER  MANUFACTUSESS 


No.  27  NOBTH  SIXTH  ST.,  PHILADELPHIA, 

▲in> 

128  WILLIAM  ST.,  NEW  YOEK. 

Have  on  hand  and  make  to  order  at  short  notice,  News  and  Book  Printing 
Paper,  all  qualities  and  sizes.  Codorus  Mill  Writing  Papers,  Manilla  Papers. 
Importers  of  Chemicals  and  Feltings.  Dealers  in  Paper  Makers'  Materials,  of 
every  description.    Cash  Market  Prices  paid  for  all  kinds  of  Paper  Stock. 

Feb.  *78. 1  jr. 

JACOB  NAYLOR, 

Successor  to  HUNSWORTH  &  NAYLOR. 

GIRARD   AVE.   AND    FRONT   STREET 
PHILADELPHIA. 


STEAM  ENGINES,  BOILERS  AND  TANKS, 

Shafting  and  Gtoaxing,  Couplings,  Folleya  and  Hangers. 

STEAM  AND  HAND  CRANES. 

Passenger  and  Freigbt  Hoisting  Machinery  for  Stores  &  Faotoriet, 

Marble  Sawing  and   Polishing  Machinery  of  all   Kinds, 

SPECIAL  MACHINERY  AND  FIXTURES  FOR  SOAP  MANUFACTURERS, 
Retorts,  Meters,  Stills,  &o.,for  Chemists. 

Sugar  Boilers,  Tanks  and  Machinerj.    Castings  in  green  sand  or  Loam,  and 
Machinery  in  general. 

W.  W.  TUFFJCB  A  GO'S  FATBNT  GBATES  AND  GBATE  BAB8. 

RIDER'S  PATENT  AUTOMATIC  CUT-OFF  ENGINE,  either  Vertical  or  Horisontal 

' Jan. '79,1  yr. 


NOISE-QUIETING    NOZZLES. 

FOE  SAFETY  VALVES,  VAOUUM  BEAKES,  &c. 

Quiets  aU  the   Ohjectionable  Noise  from  Pop    Valves  and 
Ordinary  Safety  Valves. 

SHAW'S   NOZZLES   FOR   LOCOMOTIVE   SMOKE-STACKS  arrest  Sparks  withoat  any 
Screen  wnatever.    Address  the  Patentee, 

jan.79.iyr.  T.  SHAW,  915  Ridgc  Avenue. 
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I^JLSORATORir 

FOR  

PRACTICAL  &  ANALYTICAL  CBEUISTR7. 

CHANT  STREET,  TENTH  STREET,  BELOW  MARKET,  PHILADELPHIA, 
(B#ar  of  St.  Stepliex^*i  COiuroh.) 

aifii*i?.A.3SXjX0:i3Xxx>  xint  xoae. 

Instrufttion   ttiren    in  CHEMISTRY,  MINERALOGY    and    GEOLOGY,   by  LECTURES    aad 

PRACTICE,  with  especial  refli»reiice  to  ANALYSIS,  MANUFACTURES  and  MEDICINE. 
Analyses  nuMleof  Ores^  Minerals,  Guanos,  Waters,  and  srticles  of  commerce  and  manafactare. 
Opinions  giren  on  chemical  questions. 
Jambs  G.  Booth, 

Thos.  H.  GAsmifT.  BOOTH,    CARRETT    A    BLAIR. 

ANDaxw  A.  Blai».  Jan.  78, 1  yr. 

AMERICAN -JOURNAL  OF  MATHEMATICS^ 

FUBLZSESD  UNDER  TEE  AUSPICES  OP  THE  JOHNS  BOPEZNS  UNIVERSZT7. 

Issued  inyolumes  of  384  quarto  pages,  comprising  four  numbers,  appearing  quarterly. 
First  yolume  published  the  present  year. 

Its  primary  object  is  the  publication  of  origioal  inrestigations ;  abstract  of  memoirs  diffi- 
cult of  accesH  to  students,  and  bibliographical  notices  of  important  publications  will  be  giyen.* 

BdOor'in'ChMeft  J.  J.  STLTssTaa,  LL.D.,  F.R.8.;  Associate  Editor  in-Charg^  William  £.  StoIt, 
Ph.D.  (Leipsig);  vtiik  th€  co-operation  of  Binjamin  Pnaos.  LL.D.,  F  R.S.,  of  Harvard  UniTersiiy ; 
SmoH  NswcoMB,  LL.D..  F.RJB.,  Superintendent  of  the  American  Ephemeris,  and  H.  A.  Rowland, 
CE.,  of  the  Johns  Hopkins  University. 

Snbsoriptioii  Pricet  $5.00  per  Volume ;    Single  Nnmbersy  $1.50. 
Address  WM.  E.  STORY,  Johns  Hopkins  University,  Baltimore,  Md. 

PATElffTS 

FOR  INVENTIONS,  TRADE  MARKS,  COPyRIGHTS,  Ac., 

procured  promptlj  and  on  reasonable  terms.    Advice  free.      Gall  or 
send  for  a  Book  of  Instructions. 

JOHN  A.  WIEDERSHEIM, 

No.  110  South  Fourth  St.,  Philadelphia. 


POROUS    EVAPORATOR, 

—FOR—  ^ 

SUPPLYING  MOISTURE  TO  HEATED  AIR, 

Is  a  trulj  scientific  apparatus  that  supplies  a  want  long  felt  by  all  who  use  artificial 
means  to  heat  dwellings,  schools,  public  buildings,  &c  ,  &c.  It  is  endorsed  by  the 
Franklin  Institute,  the  Medical  Society  of  the  State  of  Pennsylvania,  Board  of 
Health,  and  a  host  of  scientific  and  professional  men.  The  device  is  simple  in  con- 
struction. It  does  not  give  off  steam  vapor  as  metal  pans  do.  Send  for  circular 
and  testimonials  to 

Feb.  '79, 1 1.  aSAHrVILLS  KALOOLK,  1123  Ohestzmt  Street,  FUla.,  Fa. 
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VAN"  NOSTKAND'S 

ENGINEERING    MAGAZINE 

COMMENCED  JANUARY,  1869, 

FVBUSBSS  as  TBI  Utlt  OF  XACB  IfOKTB,  AT  $5.00  FZB  TlXS, 

CoDiisto  of  original  contributions  on  all  branches  of  Engineering  Science,  and  leleoted  articles 
from  the  leading  Foreign  Journals. 

It  is  designed  that  each  number  shall  contain  valuable  papers  relative  to  the  different 
departments  of  engineering  labor.  Space  will  'be  given  to  short  discussions  or  elucidations  of 
important  formulss.  especially  su'sh  as  have  proved  valuable  in  the  practice  of  the  worlting 
engineer.    Our  facilities  for  affording  such  Items  are  extensive  and  increasing. 

The  original  contributions  hereafter  will  form  the  most  7>rominent  feature,  but  articles 
selected  and  condensed  from  the  English,  French,  German  and  Austrian  engineering  periodi- 
cals will  continue  to  occupy  a  position  as  before,  and  will  contribute  to  maice  this  Magasine 
valuable  to  the  engineering  profession,  too  valuable,  in  fsct,  for  any  of  our  leading  engineers  to 
be  without 

It  will  continue  to  occupy  the  same  high  position  in  this  respect  that  it  took  firom  its  com> 
mencement. 


49*  Cloth  covers  for  Volumes  L  to  XIX.  inclusive,  elegantly  stamped  in  gilt,  will  be  tar- 
nished  by  the  publisher,  for  fifty  cents  each. 

If  the  back  numbers  be  ^ent,  the  volumes  will  be  bound  neatly  In  black  cloth  and  lettered 
for  seventy-five  cents  each.    The  expense  of  carriage  must  be  borne  by  the  subscriber. 

NOflCC  TO  NEW  SUBSCRIBCRS.-Persons  commencing  their  subscriptiooi 
"       "  )th  volume  (January,  1879),  and  who  are  ilofifrous  of  possessing  the  work  from 


with  the  Twentietl 

itscommencemen  , 

for  $6000«  in  half  morocco,  $78. 

^NQTIOrTO  CLUB-,. 

subscribers,  at  $5.00  each,  sent  in  one  remittance, 


its  commencement,  will  be  supplied  with  Volumes  I.  to  XIX.  inclusive,  neatly  bound  in  cloth, 
*     t6000«  in  half  morocco,  $78.00. 

NOTICE  TO  CLUBS.— An  extra  copy  will  be  supplied  gratis  to  every  Club  of  Five 
"  "  kohysentin ""' 


aOOPES  &  T6WNSEND 


MANUFACTURE 


MaehinSf  Car  and  ^rid^e  ^olUj 

COLD  PUNCESD  SaUABE  AND  ESZAOON  NUTS, 

PLOW  BOLTS,  PATCH  BOLTS, 

BOLT  ENDS,  TRACK  BOLTS, 

WOOD  SCREWS,  WASHERS, 

TANK  RIVETS,  BRIDGE  RODS, 

SODS  AHO  BOLTS  VOB  BUILDrnGS. 

"KEYSTOlSrE"  BOILER  RIVETS, 

OFFICE  AND  WORKS, 

ITo.  1330  Bttttonwood  Street,  Fluladelphia. 
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"THE  BEST  LITERATURE  OF  THE  UV'-J^^  yorknmes. 

TH£  GBBATEST  I.I\XNG  AVTHOBS,  such  as 


Prof.  Max  Muller, 

Rt.  Hon.  W.  E.  Gladstonb, 

Jambs  Amthoky  Froude, 

Prof.  Huxley, 

Richard  A.  Proctor, 

Prof.  GoLDWiN  Smith, 

Edward  A.  Frbsman, 

Prof.  Ttndall, 

Dr.  W.  B.  Carpenter, 

Frances  Power  CobbSi 


The  Duke  op  Argyll, 
William  Black, 
Miss  Thackeray, 
Mrs.  Muloch-Craik, 
George  MacDonald, 
Mrs.  Olifhant. 
Mrs.  Alexander, 
Jean  Ingblow, 
Julia  Kayanagh, 
Thomas  Hardy, 


Matthew  Arnold, 
j.  korman  lockyer, 
Francis  W.  Newman, 
Alfred  Russell  W^llacb, 
Henry  Eingsley, 
W.  W.  Story, 
Ivan  TuBoUENiBr, 

RUSKIN, 

Tennysov, 
Browning, 


and  maxky  others,  are  represented  In  the  pages  of 

LITTELL'S  LIVING  AGE. 

m  1870,  The  Liying  Age  enters  upon  Its  fi^Irty.8ixth  year,  admittedly  unrivalled  and  continuously  sue- 
eessfuL    AWeeklyMagazine,  of  sixty-four  pages,  it  gives  more  than 

double>column  octavo  pages  of  reading-matter  yearly,  forming  four  large  volumes.  It  presents  in  an  incxpen 
sive  form,  considering  its  great  amount  of  matter,  with  freshness,  owing  to  its  weekly  issue,  and  wiib  a 
iaU^fctdory  completeness  attempted  by  no  other  publication,  the  best  Essays,  Reviews,  Criticisms,  Tales, 
Sketches  of  Travel  and  Discovery,  Poetry,  Scientiflc,  Biographical,  Historical,  and  Political  Information, 
from  the  entire  body  of  Foreign  Periodical  Literature. 

During  the  coming  year.  Serial  and  Short  Stories  by  the  ItTost  Eminent  Foreign  Authors  will  be 
^ven,  together  with  an  amount 

In  the  world,  of  the  most  valuable  Literary  and  Scientific  matter  of  the  day  from  tho  pens  of  the  foremost 
Essayists,  Scientists,  Critics,  Discoverers,  and  Editors,  above-named  and  many  others,  representing  every 
department  of  Knowledge  and  Progress 

The  importance  of  The  Living  Age  to  every  American  reader,  as  tho  only  satisfactorily  fresh  and 
eomplete  compilation  of  ^  generally  inaccessible  but  indispensable  current  literature,— tn(2Mfp«fl«a&^ 
because  it  embraces  the  productions  of 

-nam  .^Lisxjzisa?  Xixvxjjca-  T7crzijra7Z2zi.s 

in  aU  branches  of  Literature,  Science,  Art,  and  Politics,— is  sufficiently  indicated  by  the  following  recent 

It  is  a  tJum>ugJieomjrilaHoii  at  whatis  best  in  the  llter- 


"Tbb  Litino  Agb  supplies  a  better  compendiiun  of 
carrent  discussion,  information  and  investigation,  and 
gives  a  greater  amount  and  variety  of  readinK-matter 
which  it  13  well  worth  while  to  read,  than  any  other  pub- 
lication. . . '.  It  is  simply  indispensable/'-rfiotf/on  Journal, 

"  It  contains  the  best  results  of  the  world's  thUiking."— 
The  Churchman,  New  lork. 

**  It  affords  the  best,  tlie  cheapest,  and  most  convenient 
means  ot  keeping  abreast  with  the  progress  of  thonsht  in 

all  its  phases It  is  the  beat  work  of  its  kind  ever 

published  inthecounti*y,and  can  liardlyever  be  improved 
upon."— JVbr^A  American,  Philadelphia. 

"  The  prince  among  magazines."— iV«o  Fork  Observer. 

'*In  it  we  find  the  best  pcoductions  of  the  best  writers 
Dpon  all  snblects  ready  to  our  hand.  .  .  .  Through  its 
pages  alone  it  is  possible  to  be  as  thoroughly  well  informed 
in  current  literature  as  by  the  perusal  of  a  long  list  of 
monthlies.'*— Philadelphia  Inquirer. 

"  Its  pages  teem  \vith  the  choicest  literature  of  the  day." 
-New  York  Tribune. 

"  Its  frequent  Issue  and  ample  space  enable  it  to  do  fully 
what  it  proposes  to  do, — to  give  all  that  the  very  ablestof 
living  writers  furnish  to  periodical  literatm-e  on  science, 
history,  biography,  philosopliy,  poetry,  theology,  politics 
and  criticism,  and  to  add  to  this  the  full  complement  of 
the  best  that  there  is  in  Action."— 27t«  Interior,  Chicago. 

"  One  cannot  read  everytliing.  .  .  .  .No  man  will  be 
behmd  the  literature  of  the  thnes  who  reads  Thb  Living 
AGE.*'~'Zion'8  Herald,  Boston, 

"Every  weekly  number  now-a-days  is  equal  to  a  first- 
class  monthly.  For  solid  merit,  it  is  the  cheapest  maga- 
zine in  the  la.nd."—The  Advance,  Chicago. 

♦'  Gives  the  best  of  all  at  tlie  price  ot  one."— New  York 
Independent, 

"  It  focalizes  the  best  literature  of  the  age.  . .  .  It  is  the 
most  wonderful  weekly  pubUcatiou  of  which  we  have  any 
knowledge."— iS^^  Louis  Observer. 

"  In  no  other  siqgle  pnbUcation  can  there  be  found  so 
much  of  sterling  litei-ary  excellence."— iV^.  K  Evening  Post. 


til 


"  A  pujre  fend  perpetual  reservoir  and  fountain  of  enter- 
tainment and  instruction."- ifon.  Hobert  C,  Winthrop. 

"The  best  and  cheapest  periodical  in  Ameilca."— 
Evangelical  Churchman,  Toronto, 

"  There  is  nothing  comparable  to  It  in  true  value  in  the 
wholo.  range  of  periodical  ■  literature."— il^i7e  Daily 
Register. 

''^It  is  the  only  compilation  that  presents  with  a  satis- 
factory completeness,  as  well  as  fieshness,  a  literature 
embracing  the  productions  of  the  ablest  and  most  cultured 
writers  living.  It  is,  ther^ore,  indispensable  to  every  one 
whodesiret  a  thorough  compendium  qfaUthat  is  admtrable 
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CONCEENING    ^^~^^  or,  THE  LIMIT  OF  EFFICIENCY 
Ti 

OF  HEAT  ENGINES. 


By  J.  F.  Klein,  D.  E., 

Insructor  in  Dynamical  Engineering,  SheflSeld  Scientific  School. 
(Continued  from  vol.  Ivii,  page  160.) 

The  important  propositions  that  a  heat  engine  cannot  perform  work 

by  the  expansion  and  contraction  of  its  volume  without  rejection  of 

heat,  and  that  the  maximum  efficiency  of  all  heat  engines  is  repre- 

T  T 

sented  by  the  proper  fraction  -i 5,  are  either  of  them  sufficient  to 

completely  overthrow  the  thermodynamic  fallacies  mentioned  at  the 
b^inning  of  this  paper.  We  will  not,  however,  thus  smnmarily  dis- 
pose of  the  special  arguments  advanced  in  support  of  the  fallacies,  but 
will  give  them  the  careful  examination  which  the  importance  of  the 
principles  they  attack,  rather  than  their  own  inherent  force,  seems  to 
demand.  These  special  arguments  are  all  contained  in  the  paper  of 
Prof.  E.  H.  Thurston,  and  are  as  follows : 

I.  That  the  influence  which  the  nature  of  the  working  substance 
might  have  on  the  theoretical  efficiency  of  an  engine  has  been  neg- 

Whole  No.  Vol.  CVIL— (Thibd  Series,  Vol.  Ixxvii.)  16 
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lected  by  accepted  authorities  in  thermodynamics,  having  been  passed 
over  by  them  as  i^nimportant. 

II.  That  the  maximum  efficiency  of  the  ordinary  type  of  steam 
engine  depends  upon  the  specific  heat  of  its  working  substance,  and 

T T 

can  be  greater  than  _ i ?. 

Ti 

III.  That  air  and  gas  engines  have  been  designed  and  built,  whose 
tlieoretical  efficiency  was  unity,  all  unutilized  heat  being  restored  to  the 
working  substance  by  means  of  a  mass  of  metal  called  a  "  E^n- 
erator.'' 

IV.  That  it  is  theoretically  posrible  to  have  a  "New  Type  of  Steam 
Engine"  which  will  perform  work  without  rejecting  heat,  by  returning 
the  working  substance  to  the  boiler  in  a  peculiar  manner.* 

Now  what  are  the  facts  as  regards  the  first  of  these  statements  ?  In 
the  papers  and  treatises  of  Clausius,  W.  Thomson,  Rankine  and 
Hirn  may  be  found  a  demonstration  concerning  the  efficiency  of  engines 
in  which  the  influence  of  the  nature  of  the  working  substance  has  been 
taken  into  account.  Rankine  in  particular  has  given  special  attention 
to  this  very  matter  by  taking  into  consideration  mixtures  of  the  work- 
ing substance  in  which  "  the  properties  of  the  ingredients  are  constant, 
as  in  the  aggregate  of  chemically  distinct  substances,  or  variable  as  in 
the  aggregate  of  a  liquid  and  vapor.^f  The  demonstration  given  by 
Clausius  and  W.  Thomson  of  Carnot's  principle — that  a  reversible 
engine  receiving  and  discharging  heat  only  at  its  upper  and  lower 
limits  of  temperature  respectively,  is  at  least  as  efficient  as^any  other 
engine  having  the  same  source  and  refrigerator — ^was  intended  te  cover 
and  does  cover  the  three  cases,  in  which  the  engines  compared  differ 
either  as  to  reversibility,  as  to  the  working  substance  employed,  or  in 
both  these  respects.  Prof.  Thurston  should  therefore  have  discussed 
this  simple  and  famous  demonstration  and  show  wherein  it  was  faulty, 
if  he  wished  to  establish  his  proposition,  that  the  maximum  efficiency 
of  an  engine  does  depend  upon  the  nature  of  the  substance  employed. 

♦The  "New  Type  of  Steam  Engine"  was  invented  by  Prof.  R.  H.  Thurston 
in  1858 — 1859.  We  understand  that  Mr.  Chas.  E.  Emery  subsequently  and  inde 
pendently  re-invented  this  engine,  and  claimed  that  it  was  "based  on  modem  thermo- 
dynamic developments''  1 1 

tSee  PhU.  Trans.,  1854,  vol.  144,  p.  144. 

There  is  a  very  concise  statement  to  the  same  effect  in  Bankine's  "  Steam  Engine," 
p.  308. 

See  also  text-books  on  heat,  by  McCuUoch,  Cotterill  and  Balfour  Stewart 
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Instead  of  this  we  find  the  demonstration  given  by  Clausius  and 
Thomson  completely  ignored  and  an  unsuccessful  attempt  made  to  show 
that  reversihility  is  "  the  perfect  test  of  the  perfect  engine/' 

II.  Ihat  the  maximum  effixAeney  of  the  ordinary''^  type  of  steam  engine 
depends  upon  the  specific   heat  of  its  working  std}stance,  and  can  be 

1"  T 

qreater  than  _ 1 ?. 

Before  stating  and  examining  the  reasons  advanced  in  support  of 
this  proposition  we  will  first  call  attention  to  the  terms  latent  heat  and 
real  specific  heat,  and  will  then  call  attention  to  the  difference  of 
opinion  concerning  the  variability  of  the  latter  which  existed  between 
Rankine  and  Clausius.  It  will  then  be  readily  seen  that  Prof, 
Thurston  has  chosen  a  disputed  point  as  the  basis  of  his  reasonings, 
and  that  his  mistaken  idea  as  to  what  constitutes  the  total  actual  heat 
of  a  body  has  first  led  him  into  confusion  and  error,  and  then  to  con- 
clusions concerning  the  efficiency  of  engines  entirely  at  variance  with 
those  held  by  all  accepted  authority,  including  both  Rankine  and 
Clausius. 

It  should  be  remembered  throughout  that  Heat  is  a  kind  of  custiud 
or  kinetic  energy,  consisting  in  the  invisible  motions  of  the  particles  of 
a  body,  and  that  Heat  is  not  potential  energy,  for  its  ability  to  perform 
work  depends  only  on  the  heat-motions  of  the  particles,  and  not  on 
their  relative  positions.  Suppose  now  that  one  pound  of  a  body 
receives  heat  under  such  conditions  that  its  volume  and  temperature 
both  increase ;  then  of  the  total  heat  received  a  part  will  continue  to 
exist  as  heat  by  increasing  the  heat-motion  already  present  within  the 
body,  whilst  the  remainder  disappears  as  heat  by  perfonning  the  exter- 
nal and  internal  work  necessary  to  effect  the  change  of  volume.  The 
internal  work  consists  in  overcoming  the  molecular  resistances  to  sepa- 
ration, or  change  of  arrangement,  of  the  particles,  and  is  often  very 
much  greater  than  the  external  work,  which  has  only  to  overcome  the 
external  pressures  resisting  the  change  of  volume.  For  water,  when 
it  is  being  evaporated '  under  constant  pressure  the  ratio  of  the  tvvo  is 
often  very  great,  the  internal  work  being  at  least  10  to  15  times  as 
great  as  the  exterior  work  (for  the  pressures  ordinarily  occurring  in 

*  According  to  Prof.  Thurston  there  are  at  least  two  types  of  heat  engines :  those 
which  reject  heat  and  those  which  do  not;  the  ordinary  steam  engine  belonging  to 
the  first  type. 
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engines).  In  some  steam  tables  the  interior  work  is  given  under  the 
heading  "  internal  latent  heat/'  the  exterior  work  being  given  under 
"  external  latent  heat."  The  sum  of  these  two  quantities  is  usually 
called  the  "latent  heat  of  evaporation."  This  objectionble  term^ 
"  latent  heat,"*  has  come  down  to  us  from  a  time  when  heat  was  sup- 
posed to  be  a  substance  and  consequently  indestructible,  and  although 
we  now  know  that  heat,  as  such,  can  be  put  out  of  existence  by  trans- 
formation into  other  forms  of  energy  which  do  not  affect  the  thermo- 
meter, still  the  term  remains,  and  continues  to  lead  many  to  believe 
that  the  heat  which  has  disappeared  in  doing  work  still  lurks  concealed 
somewhere  in  the  working  substance  as  heat;  this  is  less  often  the  case 
when  external  work  only  is  considered,  for  the  equivalent  of  the  disap- 
peared heat  is  then  seen  in  visible  external  work ;  but  when  the  inter- 
nal work  done  in  separating  the  molecules  and  changing  their  arrange- 
ment is  under  consideration  the  beginner  is  apt  to  think  that  this  kind 
of  work  "  don't  count,"  and  that  the  heat  which  has  been  expended  in 
accomplishing  it  still  exists  in  the  body  as  heat,  instead  of  recognizing 
that  in  this  case  also  it  has  disappeared  by  being  transformed  into 
another  kind  of  energy — ^that  of  position — ^which  does  not  affect  the 
thermometer. 

We  have  thufe  far  supposed  that  a  change  of  volufiie  accompanies  the 
change  of  temperature  when  heat  is  furnished  to  a  body,  but  will  now 
suppose  the  body  to  be  kept  at  constant  volume  during  reception  of 
heat.  The  external  work  will  then  become  equal  to  zero,  and  the 
internal  work  will  be  diminished;  consequently  a  greater  propor- 
tion of  the  heat  furnished  will  go  to  increase  the  actual  sensible  heat 
of  the  body.  If  the  body  is  one  of  the  more  permanent  and  perfect 
gases,  the  interior  work  will  become  approximately  equal  to  zero,  and 
all  the  heat  furnished  may  then  be  said  to  be  employed  in  increasing 
the  temperature  or  actual  heat  of  the  body.  If,  however,  the  body  be 
either  a  solid,  liquid,  or  saturated  vapor,  there  is  nothing  in  theory  or 
experiment  which  would  justify  us  in  asserting  that  the  interior  work 
is  equal  to  zero ;  for  forces  of  cohesion  may  hftve  to  be  overcome,  and 

*  Now  that  "  latent  heat"  haA  beoorae  a  part  of  the  popular  vocabulary,  it  will  be 
difficult  to  K^t  rid  of  it ;  no  error  can  arise  in  its  use,  however,  if  understood  as  defined 
by  Maxwell :  "  Latent  heat  is  the  quantity  of  heat  which  must  be  communicated  to  a 
body  in  a  given  state  in  order  to  convert  it  into  another  state  without  changing  its 
temperature." 
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changes  of  arrangement  of  the  molecules  and  their  components  may 
take  place,  which  require  work  and  cause  a  portion  of  heat  to  disappear. 

If  the  body  is  of  unit  weight,  and  receives  heat  sufficient  to  raise  its 
temperature  one  degree,  the  total  amount  of  heat  received  is  called  its 
apparefnt  specific  heat ;  if  from  this  be  subtracted  all  the  heat  which  is 
expended  in  performing  interior  and  exterior  work,  the  remainder  is 
called  the  real  specific  heat,  because  it  alone  measures  the  actual  heat 
of  the  body.  We  will  represent  the  apparent  specific  heat  for  the 
general  case  by  C  and  for  constant  volume  by  C^.  The  real  specific 
heat  we  will  represent  by  K.  Experiment  shows  that  for  a  given  state 
of  aggregation — solid,  liquid  or  gaseous — C^  is  the  minimum  value  of 
Cy  also  that  O^  is  greatest  for  the  liquid  and  least  for  the  gaseous  st^te. 
Only  for  highly  superheated  vapors  like  air  do  experiments  indicate 
diat  Cy  is  nearly  equal  to  K. 

The  following  proposition  is  due  to  Clausius  and  is  a  result  of  his 
mathematical  investigations  on  the  effective  force  of  heat  and  on  dis- 
gregation  (a  quantity  representing  the  arrangement  of  the  particles  of 
a  body). 

"  The  quantity  of  heat  actually  present  in  a  body  depends  only  upon 
its  temperature,  and  not  upon  the  arrangement  of  its  constituent  parti- 
cles." In  other  words,  the  real  specific  heat  of  a  body  is  the  same  for 
all  temperatures,  and  for  all  states  of  aggregation — solid,  liquid  or 
gaseous,  and  we  may  therefore  write 

H=KT=  C,T 
and         ^l^o  =  ^W:«  (5) 

where  H  is  the  quantity  of  actual  heat  present  in  the  body  at  the  abso- 
lute temperature,  T=  461°  -{-  fF  and  C^  the  apparent  specific  heat 
under  constant  volume  when  the  body  is  in  the  form  of  a  vapor  highly 
superheated. 

But  Rankine  had  taken  an  opposite  view  of  this  matter,  saying, 
^*  The  real  specific  heat  of  each  substance  is  constant  at  all  densities  as 
long  as  the  substance  retains  the  same  condition — solid,  liquid  or 
gaseous ;  but  a  change  of  real  specific  heat,  sometimes  considerable, 
often  accompanies  the  change  between  any  two  of  these  conditions." 

Clausius  showed  that  the  reasons  given  by  Rankine  in  support  of 

this  view  were  decidedly  insufficient,  whereupon  Rankine  replies :  "  I 

admit  that  it  is  difficult  to  conceive  how. the  same  substance  can  alter 

'  its  real  specific  heat  in  changing  its  state  of  aggregation.     But  it  is 
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also  difficult  to  conceive  how  the  elevation  of  temperature  of  liquid 
water,  for  example,  can  be  accompanied  by  internal  work  to  an  amount 
sufficient  to  account  for  the  excess  of  the  specific  heat  of  liquid  water 
at  constant  volume  above  that  of  steam  and  above  that  of  ice,  those 
three  quantities  being  nearly  as  follows : 

Specific  heat  at  constant  volume  of  ice,  about  0*50 

"  "  liquid  water,  I'OO 

"  "  steam,  0-37." 

Rankine,  after  suggesting  that  both  difficulties  are  diminished  if  not 
removed  by  supposing  the  composition  of  the  molecule  to  change  vriiit 
the  state  of  aggregation  (an  atom  of  ice  or  steam,  for  example,  l)eing 
composed  of  two  atoms  of  liquid  water),  continues  thus : 

"  I  do  not,  however,  propose  that  supposition  as  more  than  a  conjec- 
ture ;  and  for  the  present  I  am  content  to  regard  as  certain  merely  the 
fact  that  the  minimum  specific  heat  of  the  same  substance  in  different 
states  of  aggregation  is  in  many  cases  different,  leaving  the  relation 
between  that  minimum  specific  heat  and  the  real  specific  heat  to  be 
ascertained  by  further  investigation/'* 

Were  we  to  follow  Rankine,  we  would  write 
H^  =  A'l  Ti  Hq  =  Kq  Tq 

and  ._^^ ^^^ — f—  ^^ 

where  H^y  Hq  and  K^,  K^  represent  the  total  actual  heat  and  the 
average  real  specific  heat  corresponding  to  the  physical  states  of  the 
body  when  at  the*  absolute  temperatures  T^,  Tq,  respectively. 

At  this  point  it  must  not  be  forgotten  that  the  efficiency  of  engines,, 
represented  by 

does  not  at  all  depend  upon  the  correctness  of  either  of  the  foregoing 
views,  having  been  established  by  means  of  the  two  principles :  "Heat 
and  work  are  mechanically  equivalent,"  and  "  Heat  cannot,  of  itself,, 
pass  from  a  colder  to  a  warmer  body." 

We  will  now  give,  and  as  often  as  brevity  will  allow  in  the  Profes- 
sors's  own  words,  the  reasonings  which  lead  te  the  conclusion  that  the 


*  See  Phil.  M(Mj.,  vol.  30,  1865,  p.  410 ;  also  "  Steam  Engine,"  p.  307. 
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2' y 

efficiencj  of  a  steam  engine  should  be  greater  than  -J— — 5. 

-^  1 
**  In  any  fluid,  no  change  ooQurring  in  its  capacity  for  heat  with 
change  of  temperature,  the  quantity  of  heat  present  in  the  mass  is 
proportional  to  its  absolute  temperature." 
For  perfect  gases,  therefore, 

H,     H,=  T,:  T,  and  ^«=^i  =  ^^ 

"  The  same  is  true  approximately,  if  not  absolutely,  of  suiierheated 
smd  of  dry  steam,"  *  *  *  *  and  of  water  unmixed  with  vapor ;  for 

these,  therefore,  ?J~El  >  Lul^ 

H,       =       T, 

But  when  steam  expands  and  condenses  it  changes  its  physical  state 
and  the  specific  heat  of  the  mixture  then  varies  as  ihe  proportions  of 
the  liquid  and  vapor  which  it  contains  vary. 

"  BtU  this  mixtwre  of  liquids  and  vapor  containSj  usually,  vastly  less 
heat  than  an  equal  weight  of  steam  at  the  same  temperature,^^ 

Therefore,  for  steam 

^1  —  ^o_->j^i  —  ^0. 


^1  ^i  . 

"  Hence,  the  steam  engine  should  be  more  economical  than  the  air 
or  gas  engine  working  between  the  same  limits  of  temperature.  That 
it  is  not,  can  only  be  due  to  the  caase  of  loss  already  advertecj  to  as 
peculiar  to  the  steam  engine."  [The  loss  referred  U)  is  that  due  to  the 
condensation  and  re-evaporation  which  takes  place  in  the  steam 
cylinder.] 
This  demonstration  evidently  contains  the  two  following  assumptions : 
(1.)  That  the  real  specific  heat  of  steam  varies  with  its  state  of  aggre- 
gation, and  consequently  its  total  actual  heat  is  not  always  proportional 
to  the  absolute  temperature. 

^  ''  That  — \ 2  may  represent  the  theoretical  efficiency  of  an 

Hi 

f  T 

engme  without  being  equal  to  — ^- 2- 

We  do  not  see  how  it  is  possible  to  escape  the  conclusion  that  the 
portion  of  the  demonstration  which  we  have  italicized  contains  a  third 
assumption : 

(3.)  That  the  "latent  heat  of  evaporation  "  is  identical  with  the  actual 
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heat  of  the  step-m,  in  other  words  when  water  is  changed  into  steam  of 
the  same  temperature,  the  large  amount  of  heat  which  disappears  in 
doing  the  work  of  evaporation  continues  to  exist  as  actual  heat  in  the 
steam. 

In  the  mechanical  theory  of  heat  this  last  assumption  is  an  absurdity, 
the  next  is  without  shadowof  proof  or  authority,  while  the  first  directly 

Tj-    TT  m    ____  rp 

contradicts  the  result  — I ?  >  — ^- 5.    which   the   Professor 

■ffi  T, 

has  managed  to  deduce  from  it.  The  first  of  the  above  assumptions  it 
will  be  noticed  is  identical  with  that  already  ascribed  to  Rankine  and 
and  expressed  bv 

r^o     . 

if .     ;  ^1      "     . 

If  now  we  assume  with  Rankine  that  the  real  specific  heat  of  steam 
and  water  are,  at  least,  approximately  equal  to  their  specific  heats  under 
cx)nstant  volume, 

C\  =  0-37  and  C'\  =  I'OO 
and  also  let  H^  represent  the  total  actual  heat  in  a  pound  of  steam 
when  at  the  absolute  temperature  T^  and  H^  the  total  actual  heat 
present  in  a  mixture  weighing  one  pound  and  containing  x  per  cent,  of 
steam  and  1  —  x  per  cent,  of  water,  we  shall  have  for  the  mean  specific 
heat 

K^  =  xC\  +  (1  —  x)  C'\  =  1  —  0-()3a;, 

y  _      1   -^O'QZX    rp 

and  for  Eci.  6  H,--H^  ==    ^ 0'37 

When  .T=0*50  /.  e.,  when  the  mixture  is  half  water  and  half  steam, 
we  have  ^^~^^  =    Tj^-^V^bT^         T^  —  ^o  andsinceasim- 

ilar  result  may  be  obtained  from  any  other  mixture  of  the  water  and 
steam  we  see  that  the  first  assumption  made  by  Prof.  Thurston  directly 
contradicts  the  result  which  he  has  deduced  from  it. 

We  have  already  seen  that  if  we  accept  Clausius'  view  of  the  inva- 
riability (in  the  same  substance)  of  the  real  specific  heat  that  we  are 
led  to  a  result  likewise  opposed  to  to  that  deduced  by  the  Professor, 
but  we  must  remember  that  the  intelligible  and  interesting  relation 
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which  we  then  obtain  between  the  total  actual  heat  and  the  efficiency 
•cannot,  by  any  means,  be  said  to  have  the  same  validity  as  the  relation 

^  =  ^ 

■or 

gi  -  ^«  -    W  _T,-T, 

which  depends  only  on  laws  deduced  from  experiment. 

We  should  also  remember  that  the  absolute  temperatures  *  T^,  Tq 

of  our  formula  can  be  easily  obtained  with  considerable  accuracy  from 

a  standard  thermometer  while  the  total  actual  heat  cannot  be  directly 

measured  but  must  be  obtained  by  calculation,  involving  hypotheses 

which  though  probable  cannot  yet  be  r^arded  as  established  experi- 

X T 

mentally.     These  reasons  are  sufficient  for  preferring     ^     —  ^  as  an 

TT     TT 

expression  for  the  efficiency  of  an  engine  rather  than  — ?— - — ?  and  we 

Hi 

accordingly  find  that  Clausiiis,  W.  Thomson,  Maxwell,  Rankine,  Hirn, 
and  Zeuner  have  all  avoided  introducing  the  total  actual  heat  into  the 
expression  for  the  efficiency  of  engines. 

Professor  Thurston  makes  no  attempt  to  calculate  the  efficiency  of 
an  engine  from  the  total  actual  heat  of  the  working  substance,  he 
nowhere  introduces  the  real  specific  heat  into  his  calculations,  although 
the  neglect  of  this  consideration  has  constituted  (if  we  are  to  believe 
the  Professor)  "  a  serious  and  hitherto  unsurmounted  difficulty  in  the 
process  of  calculation  of  the  exact  efficiency  of  the  steam  engine.''  We 
even  find  that  the  Professor  so  far  forgets  the  points  made  at  the  b^in- 
ning  of  his  paper  about  the  influence  of  a  change  of  physical  state  on 
the  efficiency  of  an  engine,  as  to  choose  for  the  exponent  of  the  adiabatic 
curve  of  saturated  or  wet  steam  a  value  {^)  belonging  to  highly  super- 
heated steam.  This  occurs  in  an  example  in  which  the  Professor  works 
out  "the  true  theoretical  economy  of  a  steam  engine,"  the  method 
*  employed  being  the  well-known  one  of  dividing  the  heat  utilized  as 
work  by  the  total  heat  expended,  or 

Efficiency  =  J?l  =   ^'  ~  ^' 

the  error  consists  in  obtaintng  too  small  a  value  for  the  rejected  heat 
**See  note  at  end  of  article. 
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Qq  by  means  of  an  excessive  exponent  for  the  curve  of  expansion. 
In  this  example  the  engine  is  supposed  to  work  under  the  following 
conditions : 

Initial  absolute  pressure  of  steam  =  90  lbs. 

Final     '     "  "        "      "      =    2    " 

Initial  temperature  of  steam  =  320*0^  F. 

Final  "  "      "      =^  126-3°  F. 

Temperature  of  feed  water  for  boiler  =  110*6°  F. 

Total  heat  supplied  per  lb.  of  steam  at  90  lbs.  ==  IIOI'O  heat  unite. 
"       ''    rejected     "    "    "      "      "     2  lbs.  =  1042-5    "      " 

a         u  a  u     u    u   ^^^^  ^        16-3     "        " 

For  the  adiabatic  curve  of  expansion  of  the  saturated  steam,  i,  €.,  for 
expansion  without  transmission  of  heat,  Professor  Thurston  assumes 

taking  the  initial  specific  volume  i\  =  4*72  cubic  feet,  and  pi  = 
144  X  90  lbs. 

144  X  90  X  472^  =  102,611.  =  mmL 
and,  therefore,  i\  = ^- =  76*53  cubic  feet, 

which  Ls  the  volume  of  the  one  pound  mixture  of  water  and  steam  when 
the  pressure  f^  at  the  end  of  expansion  is  2  ll)s.  Since  the  volume  of  the 
mixture  is  practically  that  of  the  steam,  we  get  for  the  weight  of  the 
latter  0-44  lbs.     Then 

Heat  lost  in  rejected  steam  =  1*042  X  0*44  =  463  heat  units, 

"      "     "        "       water  =  16-03  X  0.56  =      9    ^'       " 
Total  heat  rejected  ^^  =  472  heat  units. 
"       "     received  9i  =  1102    "        " 
"       "     utilized  4  —  §o  =  630  heat  units. 
The  efficiency  of  the  steam  engine  will  then  be 

<?i  -  go  _  630  =0-57 
q,  1102 

"  Had  the  working  fluid  been  a  permanent  gas  the  efficiency  would 
have  been  one-fourth,"  i.  e., 

T,-T„  _  461 +  320 -(461 +  126)  _  ^.gg 
r,  461  +  320 


Digitized  by 


Google 


April,  1879.]  Kldn — Heat  Engines.  227 

"  The  difference  illustrates  the  superiority  of  the  condensible  vapor 
as  a  medium  for  the  conversion  of  work." 

Now  it  is  easy  to  show  that  this  calculation  will  not  stand  the  simplest 
and  most  obvious  test,  for  we  have  only  to  calculate  the  work  (or  heat 
utilized)  from  the  indicator  diagram  of  such  an  engine  and  we  will  find 
that  it  is  vastly  less  than  the  equivalent  of  630  heat  units. 

The  work  done  before  cutting  off  is 

p^  v^  =  144  X  90  X  4-72  =  772  X  (79.2  heat  units). 

k 
The  work  of  expansion  when  the  curve  is  represented  by  p  v     = 

p^  r J  3  =  constant,  is 

k  —  1 


PLh  \l  —  IP±\      *     1    =  772  X  (145-9  heat  unit«). 

The  work  done  in  overcoming  back  pressure  is 

j9o  t?o  =  144  X  2  X  76-5  =  772  X  (28*5  heat  units). 

Effective  work  =  772  X  (79*2  +  145-9  —  28-5)  =  772  X  (196-6  heat 
units)  or  less  than  one-third  of  the  result  (630)  obtained  by  Professor 
Thurston. 

These  exceedingly  discordant  results  are  due  to  assuming  an  exjionent 
^  which  is  much  too  large  for  the  adiabatic  expansion  of  steam  initially 
dry,  consequently  neither  of  the  answers  obtained  is  correct  because  the 
erroneous  exponent  enters  into  each  of  the  methods  employed.  Perfectly 
accordant  results  are  of  course  not  to  be  expected  from  empirical  formulae^ 
but  a  very  much  closer  approximation  than  that  obtained  may  be  reason- 
ably expected.  The  efficiency  as  determined  from  the  indicator  diagram 
by  means  of  the  erroneous  exponent  |^,  will  be 

1^_=  0-18  <  ^JlZlE.^  =  0-25, 
1102  Ti 

so  that  the  Professor's  data  again  lead  to  results  directly  contradicting 

those  which  he  has  deduced  from  them. 

Before  calculating  the  work  of  the  above  engine  by  means  of  the 

correct  exponent  of  for  the  adiabatic  expansion  of  steam,  we  will  give 

the  table  containing  the  valuas  of  these  exponents  for  various  initial  and 

final  pressures.     This  table  was  calculated  by  Zeuner  by  means  of 

Renault's  experiments,  and  a  formula  for  the  adiabatic  curve  of  steam 

deduced  from  the  fundamental  equations  of  heat.     It  will  be  noticed 

that  the  values  of  the  table  agree  very  well  with  the  mean  value  1*135 

assumed  by  Zeuner  for  steam  initially  dry.     Using  this  exponent 


Digitized  by 


Google 


228 


Klein — Heat  Engines. 


[Jour.  Frank.  Inst., 


Values  of  exponent  k  when  steam  is  dry  saturated  at  beginning' 

of  expansion : 


Initial 


j  pressure  m  <. 
latmospheres 


0-5 


Final  pressure  in  atmospheres. 

1      !     2     ; 


8 
4 
2 
1 


M321 
1-1315 
1-1304 
1-1299 


1-1360 
1-1354 
1-1344 


1-1396 
1-1399 


1-1431 


l.l»  l.US 

we  have  pi  r,    =  p^  v^      =  constant, 


and  r. 


(n  \  1 . 1 8T         T.  i8S 
h.)  =  4-82  (45)     =  138  cu.  ft. 


weight  of  uncondensed  steam  =  138  X  0-0058  =  0-80  lb.,  conse- 
quently heat  rejected  per  pound  of  mixture  equals  1042  X  0*8  +  16-3 
X  0-2  =  837  heat  units ;  and  since  heat  supplied  per  pound  of  steam 
=  1101  heat  units,  the  heat  utilized  will  be  1101  —  837  =  264  heat 
units. 

We* will  now  check  this  result  by  calculating  the  utilized  heat  from 
the  indicator  diagram  of  the  engine ;  then,  as  before,  the  effective  work 
will  equal 

62500  +  168600  —  39700  =  772  (248  heat  units), 


or 


and  the  efficiency  =  ^^^^  =  0.225  <      ^ 


=  0-25. 


1101  ^         Ti 

The  diflference  264  —  248  =  16  is  about  yf^  of  248,  which  last 
value  is  nearly  correct,  for  more  exact  formulae  give  about  260  heat 
units.  This  is  a  fair  approximation  for  an  empirical  formula  and  shows 
that  1*135  is  not  far  from  the  proper  mean  exponent  for  the  range  of 
pressure  occurring  in  this  example ;  when  the  exponent  is  taken  equal 
to  1*13,  the  two  methods  give  the  results  251  and  250  respectively,  the 
result  obtained  from  the  indicator  diagram  varying  least  for  a  given 
(»hange  of  exponent. 

It  is  difficult  to  understand  why  Prof.  Thurston  should  have  chosen 
the  exponent  that  he  has  done  in  this  discussion,  although  it  is  evident 
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that  the  use  of  a  large  exponent  is  necessary  for  the  establishment  of 
his  proposition — ^that  the  efficiency  of  the  ordinary  type  of  engine  can 

be  greater  than  — I ! — 5..  He  has  chosen  the  highest  adiabatic  expo- 
nent for  steam  that  can  be  found,  namely  that  for  superheated  steam,, 
and  assumes  that  it  is  also  applicable  to  saturated  steam.  He  jus- 
tifies this  course  by  referring  to  what  is  obviously  an  oversight  in 
Prof.  McCulloch's  valuable  text  book,  in  which  the  erroneous  state- 
ment occurs,  that  Zeuner  has  determined  the  value  of  the  exponent  of 
the  abiabatic  curve  for  saturated  steam  to  be  equal  to  k  =  ^,  and  that 
M.  M.  Cazin  and  Hirn  have  confirmed  this  result  by  experiment.  That 
this  statement  is  an  oversight  is  evident  from  the  facts,  that  it  occurs 
under  the  head  of  superheated  steam,  that  Zeuner  has  determined  the 
exponent  for  the  adiabatic  curve  of  superheated  steam  to  be  equal  to- 
ri =  |^,  and  that  M.  M.  Cazin  and  Him's  observations  were  made  on 
superheated  steam  and  not  on  saturated  steam.*  The  doubtful  pro- 
priety of  accepting  the  conclusion  to  be  drawn  from  the  error  above 
ifOticed,  Prof.  Thurston  himself  seems  to  have  recognized,  for  in  a  foot- 
note he  9ays :  "  This  value  of  A  [=  |^  ]  may  have  been  here  accepted 
on  insufficient  authority,  however,  as  Zeuner  in  his  treatise  (French  ed.. 
p.  332)  makes  it  1*136,  and  Grashoff  makes  it  1'14.  Zeuner  also  showa 
that  the  value  of  k  is  reduced  by  the  addition  of  water  to  the  steam." 

The  addendum  with  which  Prof.  Thurston  ends  his  paper  is  also 
devoted  to  this  exponent  matter,  and  we  find  that  he  there  misapplies 
the  results  of  the  valuable  experiments  of  Mr.  J.  Hoadleyf  for  deter- 
mining the  exponent  of  the  compression  curves  of  a  quick-running 
portable  engine,  by  assuming  that  these  experiments  answered  the  pur- 
pose of  determining  the  exponent  k  of  the  adiabatic  curve  of  expan- 
sion of  dry  saturated  steam.  The  large  exponent  (nearly  J)  shown  by 
these  experiments  was  supposed  by  the  Professor  to  indicate  that  ^ 
would  be  the  value  of  A;  if  the  cylinder  were  a  perfect  non-conductor.. 
The  correct  inference  from  these  experiments  would  have  been  that  the 
adiabatic  exponent  for  saturated  steam  must  be  less,  and  that  for  super- 

*  See  Mechanical  Theory  of  Heat"  p.  230  by  Prof.  R.  S.  McCalloch, 
"  Theorie  de  la  Chaleur  "  p.  445 — Zeuner. 

Hirn  and  Cazin — M^moire  sur  la  detente  de  la  vapeur  d'eaa  surchaaaf^e. 
Ann,  de  (Mm,  et  de  Phya.,  4  serie  T  10,  p.  349-370. 

tThe  Curve  of  Compression  of  the  Steam  Engine,  by  J.  C.  Hoadley.  Journal. 
OF  THE  Fbakkliv  Ikstitxttb,  Jan.,  1878. 
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heated  steam  greater  than  1*2366  (the  exact  value  obtained  by  Mr. 
Hoadley).  This  value  is  almost  exactly  the  mean  of  the  two  expo- 
nents 1'136  and  1*133  deduced  by  2jeuner  for  saturated  and  superheated 
6t6am  respectively;  the  coincidence  is,  however,  an  accidental  one,  for 
only  an  intermediate  exponent,  not  necessarily  an  exact  mean,  is  to  be 
•expected  from  the  compression  curve  of  a  high  speed  engine,  the  steam 
being  wet  at  the  beginning  and  superheated  at  the  end  of  the  com- 
pression. 

In  a  chapter  on  the  Philosophy  of  the  Steam  Engine,  the  latest 
thing  he  has  ^vritten  on  the  subject.  Prof.  Thurston  still  uses  the  exces- 
sive exponent  ^,  and  again  gives  the  foot  note  just  quoted,  accompa- 
nied, however,  by  the  additional  remark  that  Zeuner  gives  ^  for  super- 
heated steam.  This  would  seem  to  make  it  necessary  either  to  prove 
Zeuner  wrong  or  to  abandon  the  use  of  ^  for  the  adiabatic  ciu"ve  of 
wet  steam— but  the  Professor  has  done  nothing  of  the  kind. 

III.  That  air  an  gas  engines  have  been  built  whose  theoretical  ^ffi- 
<nency  was  equal  to  unity  ;  all  unutilized  heat  being  restored  to  the  work- 
ing substance  by  means  of  a  mass  of  m£tal  called  a  ^^ Regenerator.^^     • 

This  evidently  supposes  that  all  the  unutilized  heat,  L  €.,  all  the 
heat  abstracted  from  the  gas,  is  taken  up  by  the  "  regenerator,  but  this 
is  a  mistake,  only  a  part  is  thus  stored  even  when  the  r^enerator  is 
perfect  in  its  action,  the  remainder,  that,  namely,  which  is  abstracted 
during  compression  at  the  lowest  temperature,  being  permanently 
rejected  by  being  discharged  into  the  atmosphere  by  conduction,*  or 
into  a  refrigerator  specially  prepared  for  the  purpose.  Dr.  Barnard 
and  Rankine  were  the  first  to  point  out  that  the  efficiency  of  an  engine 
with  regenerator  was  not  greater  than  that  which  received  and  dis- 
<5harged  heat  only  at  its  upper  and  lower  limits  of  temperature  respec- 
tively, that  the  true  office  of  the  regenerator  was  to  raise  and  lower 
the  temperature  of  the  working  substance,  and  that  it  accomplished  this 
result  in  a  less  bulky  manner  than  was  possible  by  the  contraction  and 
•expansion  of  volume  without  transmission  of  heat. 

IV.  It  is  theoretically  possible  to  have  a  "  new  type  of  steam  engine" 
which  will  perform  work  without  rejecting  heat  by  returning  the  working 
substance  to  the  boiler  in  a  peculiar  manner. 

In  this  new  type  of  engine,  all  heat  not  utilized  by  transformation 

*  LosR  of  heat  by  condaction  in  this  part  of  the  process  must  not  be  prevented  even 
in  a  perfect  engine,  for  it  is  an  absolute  necessity  if  work  is  to  be  produced. 
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into  work  was  to  be  returned  to  the  boiler  instead  of  being  rejected 
and  wasted  during  the  exhaust,  as  in  the  ordinary  type  of  engine ; 
nothing  being  lost  as  heat,  the  engine  must  be  theoretically  capable  of 
utilizing  the  full  mechanical  equivalent  of  the  heat  energy  supplied 
without  any  regard  to  its  range  of  temperature.  For  achieving  this 
result  the  new  engine  was  to  have  two  compressing  pumps,  in  which, 
after  expansion  had  taken  place  in  the  working  cylinder,  the  water  of 
condensation  and  the  uncondensed  vapor  were  to  be  separately  returned 
to  the  boiler.  The  energy  expended  in  returning  being  practically  that 
of  returning  the  uncondeaised  steam,  it  was  assumed  that  the  latter 
"  would  involve  not  only  the  return  of  the  charge  of  heat  contained 
in  that  steam,  but  also  the  return  of  all  the  energy  which  the  vapor 
had  yielded  during  its  expansion,  since  an  equivalent  amount  of  heat 
would  be  generated  by  its  compression  to  boiler  pressure."  Now  this 
last  must  mean  that  the  voetness  of  the  steam  during  expansion,  and  its 
dryness  or  superheated  condition  during  compression,  is  here  of  no 
consequence  whatever,  the  work  of  compressing  the  dry  uncondensed 
steam  to  boiler  pressure  being  always  equal  to  the  work  performed  by 
an  equal  weight  of  the  saturated  steam  whilst  expanding  in  the  non- 
conducting cylinder.  Were  this  correct,  the  Professor's  conclusion 
would  follow,  that  "The  ratio  of  the  total  work  done  in  restoring 
imutilized  heat,  to  the  work  done  by  the  steam  on  the  piston,  would  be 


in  the  ratio  of  the  weight  of  uncondensed  steam  returned  to  the  boiler, 
to  that  supplied  to  the  working  cylinder  at  each  stroke."  A  surplus  of 
*of  energy  would  thus  be  left  to  be  utilized  for  mechanical  purposes. 
That  the  steam  would  be  superheated  during  compression  does  not  seem 
to  have  been  entirely  ignored  by  the  Professor,  but  it  was  assumed  to 
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be  a  condition  that  would  be  favorable  instead  of  fatal  to  the  efficiency 
of  the  "new  type  of  steam  engine."  This  was  because  undue  influ- 
ence was  ascribed  to  the  comparatively  slight  increase  of  pressure  that 
would  occur  if  the  water  of  condensation  were  present  and  were 
re-evaporated  during  compression,  while  the  preponderating  influence 
of  the  high  temperatures  of  the  superheated  steam  m  increasing  the 
resistance  to  compression  was  either  neglected  or  entirely  lost  sight  of. 

The  indicator  diagram  of  the  new  type  of  steam  engine,  as  given  by 
Prof.  Thurston,  is  represented  by  ctbcea  (Fig.  4),  where  6  is  the  point 
of  cut  off,  bmc  the  adiabatic  curve  of  expansion,  c  the  point  at  which 
the  water  of  condensation  is  separated  from  the  uncondensed  steam^ 
cb  the  supposed  adiabatic  curve  of  the  compression  of  uncondensed 
steam,  and  ebce  the  area  representing  the  surface  of  energy  that  may 
be  used  for  mechanical  purposes. 

We  have  already,  in  a  general  way,  pointed  out  the  fallacies  involved 
in  supposing  that  the  work  of  returning  the  uncondensed  steam  to  the 
boiler  can  be  less  than  that  done  by  the  steam  whilst  entering  the 
cylinder  and  expanding,  but  will  now  give  a  more  detailed  examina- 
tion to  this  matter,  and  will  show  that  in  the  "  new  type  of  steam 
engine"  the  work  exjpended  must  always  be  greater  than  the  work 
produced.  To  do  this  it  will  only  be  necessary  to  show  that  the  curve 
of  compression  of  the  uncondensed  steam  falls  above  the  expansion 
curve  6mc,  which  latter  may  also  be  regarded  as  the  curve  of  compres- 
sion of  the  mixture  of  water  and  steam  which  exists  in  the  cylinder 
at  the  end  of  the  expansion ;  for  if  the  water  of  condensation  be  not 
removed,  compression  without  transfer  of  heat  will  cause  the  curve 
cmb  to  be  retraced,  leaving  the  fluid  in  the  condition  of  dry  saturated 
steam  at  the  point  b. 

That  the  curve  of  the  uncondensed  steam  lies  above  that  belonging 
to  the  mixture  of  water  and  steam  can  be  shown  by  employing  the 
formulae  for  the  adiabatic  curves  of  saturated  and  superheated  steam, 
respectively,  p  v^  =p^  v^^  =  p^  Vq\  P  V  =  P^  F^"  =  P^  V^"^ 

In  the  first  of  these  two  expressions  v,  v^  and  Vq  must  be  understood 
as  representing  the  volume  of  a  unit  of  weight  of  the  mixture  of 
water  and  steam  when  at  the  pressure  p,  pi  and  p^  respectively ;  while 
in  the  second  expression  F,  F^  and  V^  represent  the  volume  at  the 
respective  pressures  P,  P^  and  Pq  of  that  fraction  of  a  unit  weight 
which  existed  as  dry  uncondensed  steam  at  the  end  of  the  expansion^ 
or  beginning  of  the  compression.     The  various  values  of  k  when  the 
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^team  is  dry  saturated  at  the  beginning  of  expansion  have  already 
been  given  in  the  foregoing  table^  and  were  there  seen  to  differ  but 
slightly  from  Zeuner's  mean  value,  1*1 36.  Zeuner  has  also  called 
attention  to  the  fact  that  Rankine's  value  for  fc  =  y  is  only  appli- 
•cable  when  the  steam  at  the  beginning  of  expansion  contains  about 
25  per  cent,  of  water,  and  that  when  the  steam  contains  68  per  cent, 
•of  water  at  the  beginning  of  expansion,  its  curve  will  become  approx- 
imately that  of  an  equilateral  hyperbola,  for  the  exponent  of  k  will 
then  equal  unity.  The  exponent  n  of  the  second  formula  has  been 
:assumed  by  Zeuner  to  be  equal  to  f ,  which  is  nearly  correct,  even  within 
finite  and  practical  limits,  for  the  experiments  of  Hirn*  give  values  of 
n  which  vary  from  1*29  to  1%31  and  increase  with  the  degree  of  super- 
heating. There  is,  moreover,  reason  to  believe  that  ^  is  the  limiting 
value  of  the  adiabatic  exponent  of  every  superheated  vapor  where 
molecules  are  composed  of  three  atoms.f 

If  we  apply  these  two  formulae  to  the  "  New  Type  of  Steam  Engine  " 
and  neglect,  as  before,  the  volume  of  the  water  of  condensation,  we  get 

1  1 

t;  =  ,v    Po  =  i>o;    also  f(^V  =  ,  (^)* 

In  order  to  determine  which  of  the  two  curves  lies  above  the  other, 
we  have  only  to  compare  their  volumes  when  they  have  the  same  pres- 
sure, for  the  greater  volume  will  belong  to  the  higher  curve,  as  in  Fig. 
4,  when  of  the  two  volumes  pm  and  pn,  the  greater  pn  belongs  to  the 
higher  curve  end.     If,  therefore,  we  assume  P  =  jo  we  shall  have 


Po         Po 


and  —  = 


(-) 

1 


1 

k 

(8) 


from  which  follows  that  Fwill  be  greater  than  v,  when  the  numera- 

*Hirn  and  Bazin,  M^moire  sur  la  detente  de  la  vapeur  d'eau  surchanflTe^. — Ann. 
•rfe  eJdm,  et  dephys.,  4  Serie,  vol.  10,  pp.  349—370. 

See,  also,  Biihlmann,  ^'Handbuch  der  Mechanischen  Warme  Theorie,"  p.  710. 
tSee  Wiillner,  "Experimental  Physik,"  p.  530. 
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tor  of  the  second  member  of  equation  8  is  greater  than  the  denominator^ 
L  e.,  when  the  exponent  Ic  is  less  than  the  exponent  n. 

Since  all  the  experimental  evidence  bearing  on  the  matter  goes  to 
show  that 

we  must  conclude  that  the  curve  of  compression  of  the  uncondensed 
steom  lies  above  the  curve  of  expansion  bme  and  that  consequently  the 
work  of  returning  the  uncondensed  steam  to  the  boiler  must  be  gi^eater 
than  the  work  which  the  steam  can  perform  whilst  entering  the  cylin- 
der and  expanding ;  in  other  words,  the  "  New  Type  of  Steam  Engine" 
is  worse  than  worthless,  for  it  will  not  drive,  it  must  be  driven,  it  is 
not  a  motor  but  a  heat  generator,  and  instead  of  having  an  efiBciency 
equal  to  unity  it  has  an  efficiency  which  is  represented  by  a  minwi 
quantity. 

That  the  performance  of  this  engine  does  not  improve  (as  Prof. 
Thuston  seems  to  think)  with  greater  range  of  pressure,  is  shown  by  the 
following  table  which  gives  the  ratio  of  the  work  expended  to  the 
work  produced : 


In" the  "New  Type  of  St^m  Engine^^  ^''''^  expended    ^ 


work  produced 


Exponents  of 
adiabatic  curve  for 


saturated  superheat- 
I    steam      ed  steam. 


k 

n 

1-135 

1-300     ! 

1-13 

1-133     i 

1    1-00 

1-133     ' 

Ratio  of  final  to  initial  pressure. 


1.017 
1-020 
1-038 


A 


T2T 


1-093 

1-194 

1    1-316 

1-109 

1-230 

1-381 

1-210 

1-459 

1-787 

The  values  of  this  table  were  obtained  as  follows  : 

L,  =  work  produced  =  area  [oab  i\  -f  i\bc  Vq)=  p^  i\  + 


k—1 


B\}  -  (?) '  ] 
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X2  =  work  expended  =  area  {oadV^  -\-  V^dcv^=  p^  F,  + 

n— 1 


l5D-(g)"] 


If  now  we  divide  the  last  equation  by  the  first  and  reduce  by  means 

of  equation  8,  making  ±-^  =  r,  we  shall  have 
Pi 

J 

io  _  {k  —  l){n  r'^  —  r) 

J 
(n  —  1)  {k  r""—  r) 


Jj        n                r"  —  r 
apd  when  fc=l,  we  have  -J-— * 

^*       r  {n — 1)  (1  -|-  hyp.  log.  -) 

r 

This  closes  our  examination  of  the  errors  enumerated  at  the  beginning 

of  this  dicussion ;  it  has  shown  us  that  the  special  arguments  advanced 

in  support  of  the  thermodynamic  fallacies  are  worthless,  that  they  con- 

tain  nothing  which  can  throw  doubt  on  the  demonstration  that  — i ? 

is  the  expression  for  the  maximum  efficiency  of  all  possible  heat  engines. 

Note. — The  scale  of  absolute  temperature  is  due  to  W.  Thomson,  who 
has  given  two  equivalent  definitions  of  it,  of  which  the  first  is  : 

"I%€  scale  of  absolute  tefinpe^*ature  is  the  reciprocal  of  Ca)mofs 
JPancHon.^' 

Expressed  analytically,  this  is : 

T=  I 

\d  V  Jt     '    \    d  t  )v 
where  /  is  Joule's  equivalent,  I — ^1.  is  the  rate  at  which  the  heat 

(furnished  to  or  abstracted  from  the  body)  varies  with  the  volume  when 
the  temperature  remains  constant  and  ( — 2-  I     the  rate  at  which  the 

pressure  varies  with  the  temperature  when  the  volume  is  constant. 
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The  second  member  of  this  equation  can  be  obtained  from  the  prop- 
erties of  any  body,  and  is  remarkable  in  varying  only  with  the  tem- 
perature, having  the  same  value  for  all  substances  that  have  the  same 
temperature  and  is  therefore  to  be  regarded  as  a  function  of  the  tem- 
perature only.  At  first  it  was  feared  that  this  function  might  be 
difficult  to  express  in  terms  of  the  readings  of  the  ordinary  standards, 
but  experiment  showed  that  the  numerical  values  of  this  function  did 
not  differ  essentially  from  the  readings  of  a  standard  air  thermometer 
w^hose  freezing  and  boiling  points  were  respectively  marked  273*7°  and 
^73*7°.  The  reciprocal  of  Carnot's  Function  was  therefore  seized  upon 
by  Thomson  as  a  suitable  means  of  expressing  temperature  absolutely, 
/.  e,  independently  of  the  properties  of  any  particular  substance.  This 
function,  it  should  be  remembered,  was  deduced  from  the  cycle  of  Carnot^s 
engine  when  working  with  an  infinitely  small  range  of  temperature; 
from  this  follows  that  the  above  definition  of  absolute  temperature  is 
equivalent  to  the  following,  also  given  by  Thomson : 

"  The  absolute  values  of  two  teniperatui^es  are  to  one  another  in  the  pro- 
podion  of  the  heat  taken  in  to  the  heat  rejected  in  a  perfect  thermodynamk 
engine^  working  with  a  source  and  refrigerator  at  the  higher  and  lower 
temperatures  respectively, 

Analyticallv  expressed,  this  is : 

£i  =  Zi 

from  which  we  can  get 

and  from  this  follows  that  equal  differences  of  absolute  temperatare 
represent  equal  quantities  of  work  performed  in  a  perfect  thermo- 
dynamic engine. 

Imitation  Ebony. — Oak  may  be  dyed  so  as  to  resemble  ebony  by 
soaking  it  for  forty-eight  hours  in  a  hot  saturated  solution  of  alum  and 
then  painting  it  with  a  decoction  of  one  part  Campeachy  wood  in 
eleven  parts  water.  This  decoction  should  be  first  filtered  and  slowly 
boiled  down  to  one-half  its  volume,  when  ten  to  fifteen  drops  of  neutral 
indigo  tincture  should  be  added  to  every  quart.  After  the  application 
of  this  solution  the  wood  should  be  rubbed  with  a  saturated  solution  of 
verdigris  in  acetic  acid.  The  operation  is  to  be  repeated  till  the  desired 
tint  is  obtained. — Der  Techniker.  C. 
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paratively  blunt,  and  has  its  base  but  little  diminished  in  breadth,  it 
presents  a  good  bearing  for  trains  passing  on  the  main  line,  and  as  its 
inside  edge  coincides  with  the  inside  edge  of  the  main  line,  and  its 
height  is  the  same,  trains  pass  the  switch  without  jar.  When  the  switch 
is  set  for  the  siding,  the  advanced  point  of  E  E^  catches  the  flange  of 
the  approaching  wheel,  and,  acting  as  a  guard  rail,  forces  it  into  the 
siding,  but,  at  the  same  time,  prevents  the  oppasite  wheel  from  striking 
the  other  point,  and  thus  relieves  that  point  of  all  work  at  its  extreme 
end ;  while,  in  the  case  of  trains  leaving  the  siding,  the  guard  rail, 
C^ D,  catches  the  flange,  and,  guiding  the  wheels,  prevents  the  flange 
from  striking  the  offset,  d  d},  in  the  rail,  A  ^  B^,  which  might  other- 
wise suffer  from  the  work  that  would  be  put  upon  it.  The  rail  E  E^ 
is  rolled  J''  less  in  height  than  the  other  rails  of  the  switch,  and  its  flange 
is  curved  by  the  smith  to  fit  on  the  upper  surface  of  the  flange  or  base 
of  the  fixed  rail  ^^ -B^,  so  that,  without  diminishing  materially  the 
width  of  the  base  of  E  E^  the  two  rails  are  brought  together,  and  the 
base  of  E  E^,  riding  up  on  that  of  A^  B^,  distributes  the  weight  of  the 
train  partly  over  the  base  of  the  fixed  rail  {A^B^)  and  partly  over  the 
iron  plates  upon  which  the  moving  rail  E  E^  slides.  In  order  that  the 
point  E^  H  may  retain  its  position  with  reference  to  the  offset  in  A^B^y 
regardless  of  changes  of  temperature,  these  two  rails  are  bolted  at  one 
end  to  the  same  iron  casting  (a),  and  are  thus  compelled  to  expand  and 
contract  together. 

The  smtch-stand  (shown  in  cut  No.  2)  contains  a  cranked  shatTt 
operated  by  a  weighted  lever  and  joined  by  a  suitable  connecting  rod 
with  the  moveable  switch  points.  A  movement,  therefore,  of  the 
weighted  lever  through  a  semicircular  arc  serves  to  opei;i  or  shiit  the 
switch,  and  the  connecting  rod  contains  an  adjustable  spring  which  will 
permit  a  train  leaving  the  siding  to  spring  the  rails  over  sufliciently  to 
pass,  and  yet  has  tension  enough  to  draw  the  points  back  into  position 
to  leave  the  main  line  clear.  In  these  respects  it  is  similar  to  tlie 
Lorenz  switch-stand  ;  but,  furthermore,  it  is  so  arranged  that  when  it  is 
set  for  the  siding,  and  a  train  passes  on  the  main  line  in  the  direction 
towards  which  the  points  open,  the  wheels  will  not  simply  force  the 
switch  shut  by  compressing  the  spring,  but  will  cause  a  friction  roller 
on  the  extremity  of  the  switch  or  connecting  rod  to  move  up  an  inclined 
plane,  bringing  a  second  friction  roller  under  the  crank,  and  thus  lift- 
ing it  over  the  centre.  The  counterweight  on  the  lever,  by  its  weight 
and  momentum,  com])letes  tlie  mov^ement  with  some  force,  and  thus,  by 
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a  positive  motion,  the  first  pair  of  wheels  of  a  train  on  the  main  line 
moving*  in  the  proper  direction  of  travel,  closes  the  switch,  that  is, 
.sets  it  for  the  main  line. 

This  switch  has  also  another  essential  peculiarity.  In  other  similar 
.stands  the  elasticity  of  the  connections  remains  constant,  and  is.  sufl&- 
cient  to  enable  the  switch-tender  to  throw  the  lever  into  place  although 
the  switch-points  may  be  held  from  the  rail  by  accumulations  of  snow 
or  ice,  or  by  stones  from  the  ballasting,  and  the  switch  may  thus  be  left 
in  a  m()st  dangerous  condition  ;  but  Ainsworth's  switch  is  so  made  that 
during  the  act  of  closing  or  opening  it,  and  until  the  points  are  moved 
quite  into  place,  the  connections  between  the  stand  and  the  points 
become,  for  the  time  being,  rigid,  or  non-elastic,  and  it  is  impossible 
to  shove  down  the  ball  on  the  switch-lever  until  the  points  are  entirely 
home ;  and  the  throw  of  the  crank  is  great  enough  to  permit  the  switch 
to  be  moved  before  the  end  of  the  arc  is  reached.  This  imix)rtant 
result  is  accomplished  (as  shown  in  cut  No.  2  herewith)  by  means  of  a 
i^lotted  plate  (a)  in  which  works  a  pin  (6)  attached  to  the  end  of  the 
switch-rod  :  During  the  act  of  shifting  tlie  switch,  this  pin  remains 
against  a  shoulder  in  the  slot,  and  any  change  of  length  in  the  switch- 
rod  is  prevented ;  but,  at  the  conclusion  of  the  movement,  the  plate  is 
moved  by  a  positive  motion  into  such  a  position  that  the  pin  may  move 
along  one  of  the  slots  to  permit  the  points  of  the  smtch  to  be  sprung 
over.  It  is  thus  rendered  impossible  for  the  switch-tender  to  leave  the 
:switch  half  open,  if  he  puts  the  ball  down  and  locks  it  in  place,  for, 
in  order  to  do  this,  it  is  necessarj-  that  the  switch  be  either  open  or  shut. 

In  examining  and  testing  this  switch,  your  committee  have  had 
in  view  the  fact  that  there  are,  generally  sj^eaking,  four  different  con- 
ditions under  which  a  "  safety-switch  "  is  tried  in  practice,  and  which  it 
must,  fulfill  in  order  to  establish  its  claim  of  "  safety.''  These  condi- 
tions may  be  stated  thus : — When  the  switch  is  set  for  the  main  track,  it 
is  essential,  first,  that  it  be  safe  for  trains  passing  in  either  direction  on 
that  track,  and,  secondly,  that  trains  must  also  be  able  to  pass  in  safety 
from  the  siding  to  the  main  line.  When  the  switch  Ls  set  for  the  siding, 
trains  must  be  able,  thirdly,  to  pass  into  or  out  of  the  siding,  and, 
fourthly,  to  pass  along  the  main  line  in  the  direction  towards  which  the 
switch  opens.  Your  committee  were  enabled  to  test  the  Ainsworth 
Automatic  Safety-switch  in  all  of  these  particulars,  and  in  ewery  case 
found  it  to  give  most  excellent  results.  In  the  first  case  just  stated, 
trains  must  pass  in  either  direction  with  perfect  safety,  for  one  rail 
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remains  entirely  unbroken,  and  the  flange  of  the  wheel  is  compelled  to 
follow  it  by  the  guard-rail,  and  by  the  outer  switch-rail  acting  as  a 
guard-rail  to  prevent  wear  on  the  points ;  and  the  inside-track  rail  also 
offers  a  practically  continuous  and  sufficient  bearing  for  the  tread  of  the 
wheels.  In  the  second  case,  the  spring  in  the  "  switch  "  or  "  connect- 
ing "  rod,  acting  as  in  the  Lorenz  and  English  switches,  permits  the 
outgoing  train  to  move  the  points  sufficiently  to  pass,  and,  after  the 
passage  of  the  train,  the  spring  restores  the  points  to  their  proper  posi- 
tions. This  the  committee  tested  repeatedly,  by  rmming  trains  through 
the  switch  at  high  and  slow  speeds,  and  with  perfectly  satisfactory 
results. 

Under  the  the  third  head,  that  is,  with  switch  set  for  siding,  trains 
are  permitted  to  pass  safely  in  either  direction.  When  they  enter  the 
siding,  the  advancing  flange  on  the  switch  side  of  the  track  enters  the 
four-inch  aperture  between  the  point  and  the  rail ;  is  diverted  by  the 
projecting  point,  and,  before  the  opposite  wheel  has  reached  the  other 
point,  the  inside  wheels  will  have  obtained  a  good  bearing  on  the  bent 
or  continuous  switch-rail,  and  the  open  main-track  rail  acts  as  a  guard 
to  prevent  wear  on  the  point  of  the  open  switch-rail ;  while,  in  case  of 
trains  leaving  the  siding,  the  flange  is  caught  by  the  guard-rail,  and 
the  wheel  is  diverted  on  to  the  main-line  unbroken  rail  before  the  oppo- 
site flange  has  reached  the  bend  in  the  continuous  switaeh-rail.  And,, 
fourthly,  trains  passing  against  the  points  will,  of  course,  enter  the 
switch,  while  trains  passing  with  the  points,  or  in  the  proper  direction 
of  travel,  will  continue  on  their  course,  and  continue  without  internip- 
tion  or  jar;  but  the  first  pair  of  wheels  to  enter  the  switch  will  close 
it,  and  the  train  will  leave  it  set  for  the  main  line  by  the  mechanism 
previously  described. 

As  this  is  a  feature  possessed  by  no  other  switch  known  to  your 
committee,  especial  pains  were  taken  to  note  its  action  under  repeated 
experiments,  and  the  conunittee  are  satisfied  that  it  is  certain  in  its 
operation  and  fully  sustained  the  inventor's  claims.  But,  besides  the 
foregoing  legitimate  cases,  we  must  consider  the  possibility  of  mali- 
ciously or  accidentally  setting  the  switch  wrong.  As  we  have  seen,  it 
is  impossible  that  the  switch  be  left  in  a  dangerous  position  if  the  lever 
be  put  in  either  of  its  extreme  positions  ;  but,  suppose  the  lever  not 
pushed  to  place,  but  standing  upright  or  blocked  in  some  intermediate 
place,  will  it  cause  a  train  to  leave  the  track  ?  To  try  the  effect  of 
this,  the  switch-lever  was  raised  to  about  a  central  position,  and  the 
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train  was  run  at  the  points.  Under  these  circmiLstances  it  was  found 
that  the  wheels  would  invariably  take  one  side  or  the  other  of  the  pointy 
and  turn  into  the  siding  or  continue  on  main  track.  If  the  flange  of 
the  wheel  be  as  sharp  as  usual,  it  follows  that  the  wheel  must  take  one 
side  or  the  other  of  the  point ;  but  if  the  flange  be  sufficiently  broad^ 
it  is  possible  that  it  might- strike  the  point  so  directly  that  the  wheel 
might  ride  up  on  the  point;  but,  even  if  it  should,  no  harm  could 
result,  because  the  opposite  flange  would  be  guided  by  the  guai-d-rail 
and  the  other  point.  The  working  parts  of  the  stand  are  protected 
from  the  weather  or  from  mischievous  interference  by  a  stout  woodeui 
cover,  and,  as  we  have  already  seen,  it  is  impossible  for  the  switch- 
tender  to  set  the  switch-lever  "  home  "  in  either  pasition  unless  tlie 
points  are  also  in  their  proper  positions.  In  all  of  these  respects  the 
switch  worked  admirably,  and  there  does  not  appear  reason  why  it 
should  not  be  at  least  as  durable  as  any  other  safety-switch  in  the  mar- 
ket. It  is  sufficiently  simple  in  its  construction,  and  may  be  manufac- 
tured quite  as  cheaply  as  other  switches  of  its  class,  esjiecially  as  it 
requires  but  little  machine-shop  work  or  fitting  to  construct  it.  Its  mast 
complex  part  (the  stand)  consists  chiefly  of  steel  castings,  which  may  be 
put  together  mth  scarcely  any  finishing.  In  conclusion,  your  commit- 
tee have  to  report  that  they  find  that  the  Ainsworth  switch  sustains 
fully  the  claims  made  for  it ;  that  it  performs  its  work  surely  and  sat- 
isfactorily, and  seems  to  possess  reasonable  durability;  and  they 
welcome  it  as  a  successful  effort  to  diminish  the  danger  of  what  has. 
proved  the  most  prolific  source  of  railway  accidents. 

O.  B.  Coi/roN. 

Thos.  Shaw. 

Wm.  D.  Marks. 

Coleman  Sellers,  Jr., 
Chairman, 
Approved  by  the  Committee  on  Science  and  the  Arts,  March  5, 1879. 

Henry  Cartwright, 

Chainaan  pro  teni. 


Air-tight  Corks. — Plunge  the  corks  in  melted  paraffine  and  keep 
them  there  for  about  five  minutes.  Corks  thus  prepared  can  be  easily 
cut  and  bored,  and  easily  inserted  or  withdrawn  from  the  bottles.  They 
are  both  air-tight  and  water-tight. — Der  Techniker.  C. 
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BEPORT  OF  THE  COMMITTEE  ON  SCIENCE  AND  ARTS 

ON  NORBERT  DE  LANDTSHEER'S  MACHINE 

FOR  TREATING  FLAX,  HEMP,  Etc. 

Hall  op  the  Franklin  Institute,  \ 
Philadelphia,  Dec.  19th,  1878.     j 

The  Committee  on  Science  and  the  Arts,  constituted  by  the  Franklin 
Institute  of  the  State  of  Pennsylvania,  to  whoin  was  referred  for  exam- 
ination Norbert  de  Landtsheer's  machine  for  treating  flax,  hemp  and 
other  similar  plants^  report  that  the  machine  occupies  a  floor  space  of 
about  8  by  10  feet,  and  consists  of  a  cast-iron  frame,  a  stationary  feed- 
board  or  table,  two  pairs  of  fluted  metal  rollers,  a  sheet-iron  drum  or 
-cylinder,  furnished  with  blades  or  beaters  of  wood  at  regular  intervals 
around  its  circumference,  and  the  necessary  driving  pulleys,  wheels, 
pinions  and  gears  for  automatic  operation.  In  outward  appearance  it 
somewhat  resembles  a  grain  fan. 

Two  distinct  operations  upon  the  staple  to  be  treated  are  performed 
by  this  machine :  the  first  that  of  breaking,  the  second,  of  scutch- 
ing. The  object  of  the  first  is  to  break  the  stem  or  "  boon''  forming 
the  woody  interior  of  the  flax,  or  other  similar  fibrous  plant,  that  this 
refuse  may  more  readily  be  removed  in  the  subsequent  operations. 
The  second  is  to  beat  or  "  scutch"  out  this  "  boon''  or  broken  straw, 
thus  leaving  the  fibre  in  a  condition  to  be  mechanically  divided  in  the 
heckling  machine  or  gill-box. 

In  operation,  the  stalks  of  hemp  or  flax,  which  had  previously 
undergone  the  process  of  "  retting"  or  rotting,  were  placed  upon  the 
feed-table  of  the  machine,  and  fed  to  the  first  pair  of  fluted  rolls  or 
<ylinders  in  the  direction  of  the  fibre's  length.  These  fluted  rollers 
are  each  supported  in  journal-boxes,  which  allow  the  teeth  or  flutes  to 
mesh,  but  prevents  them  from  coming  in  contact  at  the  bottom  of  the 
flutes.  To  these  rolls  or  cylinders  is  imparted,  by  suitable  mechanism, 
an  alternate  circular  motion,  forward  in  the  direction  of  the  scutching- 
dnim  and  backward  in  the  direction  of  the  feed-table,  the  forward 
motion  being  the  greater.  This,  while  imparting  a  reciprocal  move- 
ment to  the  fibrous  stalks,  thus  effectually  breaking  the  "  boon"  or 
woody  interior,  at  the  same  time  carries  the  "striek"  or  broken 
portion  forward  to  be  still  further  operated  upon  by  the  scutching- 
drum  or  cylinder. 
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This  drum  is  of  sheet-iron,  affixed  to  cast-iron  rinxs  or  spiders,  is 
four  feet  in  diameter  and  is  furnished  with  sixteen  tough  wooden 
blades  or  beaters.  It  revolves  in  an  opposite  direction  to  the  forward 
rfiotion  of  the  breaking  rollers ;  that  is,  the  upper  periphery  of  the 
scutching-drum  moves  in  the  direction  of  the  feed  end  of  the  machine, 
thus  bringing  its  beaters  with  a  downward  blow  against  the  pendant 
fibres,  beating  out  the  "  boon"  or  broken  woody  interior.  This  operation 
is  still  further  aided  by  the  current  of  air  set  in  motion  by  the  revolu- 
tion of  the  drum  which  winnows  the  chaff  from  the  long  lines  of  fibre. 

When  the  stalks  have  been  fed  between  the  fluted  rolls  to  a  little 
beyond  the  centre  of  their  length  the  alternate  circular  motion  is  con- 
verted automatically  or  by  hand  to  a  rapid  continuous  reverse  motion, 
which  delivers  to  the  operator  who  then  feeds  the  unbroken  stalk  ends 
to  the  breaking  rolls.  These  in  turn  undergo  the  above-described  opera- 
tions and  the  fibre,  discharged  as  before,  free  from  straw  or  "  bocwi" 
and  in  straight,  untangled  lines. 

The  mechanism  designed  to  impart  the  alternate  circular  and  contin- 
uous reverse  motions  to  the  fluted  rollers  consists,  in  its  essential 
features,  of  a  concentric  pinion- wheel  brought  into  alternate  working 
contact  with  cogs  on  the  concave  rim  of  a  surrounding  gearing  and  a 
system  of  croased  and  open  belts.  This  mechanical  contrivance  ia 
deserving  of  special  mention,  being  well  adapted  for  the  purpose 
designed,  is  capable  of  adjastment  to  suit  different  lengths  of  fibre, 
and  may  be  controlled  automatically  or  by  hand. 

The  flax  stalks  operated  upon,  were  grown  not  for  the  fibre,  but  for 
seed  alone,  and  had  not  been  properly  "  retted" ;  yet  the  machine 
under  consideration  i)erformed  the  operations  of  breaking  and  scutch- 
ing with  entire  success.  Flax  stalks,  two  feet,  and  hemp  stalks  eight 
feet  long  were  alternately  fed  to  the  machine  and  the  fibre  was  deliv- 
ered clear  of  "boon,"  straw  and  woody  material,  in  from  thirty  to 
forty  seconds,  while  but  ver}^  little  scutching-tow  or  codilla  was  made. 

The  machine  is  rapid  in  its  action,  not  complicated  with  delicate 
and  nicely-to-be-adjusted  parts,  requires  comparatively  little  power  to 
drive  and  does  not  need  skilled  labor  to  operate  it.  It  is  a  French 
invention,  and  letters  patent  have  been  granted  in  England  and  the 
United  States,  the  former  bearing  date  May  30th,  1874,  and  desig- 
nated by  No.  1900,  the  latter  May  8th,  1877,  and  numbered  190,476. 

The  introduction  and  general  use  of  this  machine  would  without 
doubt  tend  to  restore  and  extend  the  cultivation  of  such  fibrous  plants 
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as  flax,  hemp,  jute,  and  others  of  a  similar  nature,  by  enabling  produ- 
cers to  deliver  these  several  fibres  in  a  clean,  straight,  long-line,  mar- 
ketable shape,  at  low  cost. 

ITnlike  cotton,  which  is  comparatively  a  delicate  plant  that  can  only 
be  grown  profitably  in  the  Southern  and  Southwestern  States,  flax  and 
kindred  plants  may  be  gro^vn  readily  throughout  our  entire  countr\'. 
Light  soils  are  more  suitable  for  its  development,  but  good  crops  may 
be  gathered  from  strong  and  clayey  ground. 

Hitherto  the  operations  of  breaking  and  scutching  have  been  largely 
performed  by  hand.  Where  machiner}"  has  been  used,  each  operation 
required  a  distinct  and  separate  machine.  Rude  in  design  and  imper- 
fect in  performance,  they  have,  even  in  flax-growing  districts,  scarcely 
supplanted  the  primitive  methods,  while  in  this  country  they  are 
almost  unknown. 

Your  sub-committee  therefore  respectfully  submit  the  above,  and 
believe  this  machine  to  be  a  valuable  and  useful  improvement,  worthy 
of  award. 

Stockton  Batrs^ 
Chas.  H.  Banes, 
C.  J.  Milne, 
John  Shinn. 


FRANKLIN  INSTITUTE  STANDARD  SCREW  THREAD. 

We  are  in  receipt  of  a  letter  from  the  Morse  Twist  Drill  and  Machine 
Co.,  of  New  Bedford,  Mass.,  in  reference  to  the  standard  for  screw  threads 
proposed  by  this  Institute  fifteen  years  ago.  This  letter  we  publish 
entire,  but  must  venture  some  comments  on  that  portion  of  it  alluding 
to  the  difficulties  to  be  experienced  by  manufacturers  in  originating 
their  own  standards.  On  page  247  will  be  found  the  assertion  "  If  man- 
ufacturers establish  their  o>vn  standard,  their  work  will  not  interchange 
either  with  one  another  or  with  the  Government  standards,  by  which 
the  largest  majority  of  the  work  has  thus  far  been  constructed.''  The 
so-called  Grovernment  standards  are  the  sample  screws  and  threaded 
collars  purchaser!  by  the  Navy  Department  for  certain  of  the  Navy  Yards. 
These  were  made  by  a  Mr.  Fox,  and  may  or  may  not  be  correct  in 
diameter  in  angle  of  thread  or  in  the  width  of  flat  top  and  bottom.  They 
are  said  to  have  been  made  according  to  the  formulae  prepared  by   Mr. 
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William  Sellers  and  adopted  by  the  Institute.  What  is  claimed  for  these 
formulae  is  that  they  offer  rules  to  guide  workmen  of  ordinary  intelli- 
gence to  originate  each  for  himself  work  that  would  interchange  with 
the  work  of  the  makers.  We  do  not  think  that  the  same  acciu'acy  of 
fit  is  required  in  bolts  and  nuts  as  is  looked  for  in  standard  plugs  and 
rings  for  determining  size.  A  reasonably  good  fit  for  a  bolt  and  its 
nut  is  a  long  way  off  from  the  fit  of  these  standards  and  yet  answer  a 
very  good  purpose.  It  Ls  quite  certam  that  interchangeable  work  in 
the  line  of  bolts  and  nuts  have  been  originated  by  manufacturers  widely 
.separated  from  one  another.  What  we  are  anxious  to  see  in  relation 
to  the  new  standard  is  good  instruments  for  determining  the  accuracy 
of  the  taps  in  the  market  in  the  hands  of  the  users  of  the  tools,  so  that 
they  am  themselves  judge  of  the  correctness  of  the  work  furnished  to 
them. 

The  suggestions  made  by  Mr.  Stetson  in  his  letter  in  regard  to  the  use 
of  ^  and  -^  size  taps  is  very  well  worthy  of  careful  consideration.  These 
odd  sizes  are  used  in  place  of  the  even  inch  quarters  and  eighths  in  order 
to  take  less  stock  off  of  certain  over  size  irons  in  the  market.  Thus 
i^ome  bolt  makers  tap  one  inch  nuts  with  a  tap  1^  inches  diameter 
and  cut  the  bolts  to  fit  this  even  size.  Now,  not  long  since  Mr. 
Whitney,  of  Pratt  &  Whitney,  also  tap  and  die  makers,  was  told  by 
the  manager  of  one  of  the  principal  railroads  in  New  York  State,  that 
the  saving  in  expense  to  that  road  in  bolt-iron  only  would  amoimt  to 
^veral  thousand  dollars  a  year  if  they  should  be  particular  to  buy  only 
iron  rolled  to  proper  size.  Rolling  mills  can  readily  furnish  the  sizes 
wanted  when  they  know  the  need  of  the  accuracy.  We  quite  agree 
with  Mr.  Stetson  that  these  over  sizes  should  not  be  classed  as 
''  Standard."  S. 

"  New  Bedfokd,  Mass.,  February  10th,  1879. 
***  To  the  Committee  on  Publicaiion,  Franklin  Inatitide,  Philadelphia : 
"Gentlemen  : — It  is  now  the  fifteenth  year  since  the  adoption  of  the 
report  of  your  committee  recommending  a  system  of  threads  for  screw 
work.  It  may  be  interesting  fo  call  attention  to  the  subject  to  keep  it 
before  the  public,  and  to  know  how  its  adoption  is  progressing.  Its 
value  can  be  somewhat  shown  by  stating  that  a  full  set  of  hand  and  nut 
taps  ranging  from  J  in.  to  1 J  in.  of  the  common  form  and  number  of 
threads  requires  246  taps,  while  the  same  sizes  by  the  Franklin  Institute 
standard  require  only  48  taps.    The  loss  between  the  systems  in  time  and 


Qigitized  by 


Google 


246  Standard  Screw.  Thread,  -  [Jour.  Frank,  fngt.. 

money  must  hold  somewhat  the  saoie  proportion.  The  adoption  of  a 
system  of  threads  that  would  be  interchangeable  requires  very  atx»urate 
work,  as  the  construction  of  common  cylindrical  gauges  is  a  test  of  good 
workmanship.  The  surfaces  of  a  1  in .  plahi  gauge,  however,  are  but  about 
one-half  as  large  as  in  a  threaded  gauge.  A  1  in.  plain  gauge  fitted  to 
a  1  in.  broad  ring  has  three  and  a  fraction  square  inches  of  bearing  sur- 
face. A  1*8  threaded  gauge  has  nearly  six  square  inches  bearing  sur- 
face. The  plain  gauge  is  readily  ground  after  hardening  ,the  threaded 
gauge,  though  more  liable  to  change  in  hardening,  can  only  be  re-adjusted 
by  a  system  of  grinding  pnxlucmg  approximate  results.  The  contrail- 
tion  of  taps  and  dies  in  the  hardenmg  process  is  the  most  serious  matter 
that  stands  m  the  way  of  interchangeable  work.  Tw  o  tai)s  made  at  the 
same  time  and  size  will  frequently  fit  quite  differently  after  tempering. 
The  cause  can  be  shown  by  an  instrument  made  of  sheet  steel,  fitted  to 
an  accurate  thread,  the  points  being  tvvo  inches  apart  and  of  the  proper 
angle.  It  is  used  by  placing  the  jx)ints  in  the  thread  parallel  with  the 
grooves.  Few  taps  will  be  found  perfect  when  subjected  to  this  test> 
which  shows  their  contraction.  This  tool  would  be  useful  to  bolt  maker* 
as  a  dull,  thin  or  contracted  die  changes  the  lead  of  the  thread  ^d 
makes  an  element  of  inaccuracy  difficult  to  contend  with.  Hardened 
taps  <»,nnot  be  gauged  ^vith  accuracy,  as  their  changes  in  hardening  will 
not  allow  them  to  be  returned  to  the  gauge  they  were  cut  to.  The  best 
way  is  to  provide  a  standard  male  gauge  to  inspect  the  work  tapped  by 
them.  With  the  above  facts  in  view  it  can  be  seen  how  much  care  the 
adoption  of  a  standard  of  reference  requires.  The  general  government, 
seconding  the  efforts  of  the  Franklin  Institute,  caused  to  be  made  ten 
sets  of  standard  gauges  to  be  ased  in  the  several  na\y  yarda.  These 
gauges  embody  all  the  principles  recommended  in  the  report  of  your 
committe,  the  female  gauge  being  the  proper  thickness  and  form  of 
the  nut  recommended.  The  male  having  the  size  at  the  root  of  thread 
shown  by  a  projection  of  a  portion  of  the  point,  turned  to  the  proper 
diameter  beyond  the  thread.  The  government  work  has  been  made  in 
conformity  to  these  gauges  for  several  years  since  their  acceptance.  At 
the  time  the  system  was  established,  the  manufacture  of  taps  and  die* 
(for  the  market)  Avas  in  an  undeveloped  state ;  the  manufacturers  being 
unable  to  produce  work  to  meet  the  requirements  of  the  system.  At 
the  purchase  of  the  tools  and  machinery  of  the  New  York  Tap  and  Die 
Company  by  the  Morse  Twist  Drill  and  Machine  Company,  in  1874,  an 
effort  was  made  to  furnish  the  public  with  tools,  enabling  its  general  adop- 
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tion.  Their  experience  in  constructing  gauges  of  the  common  threads^ 
had  shown  them  that  the  construction  of  a  set  of  gauges  to  measure- 
ments, that  would  interchange  with  others  constructed  to  a  common 
standard,  would  be  very  difficult,  if  not  practically  impossible.  Learn- 
ing of  the  sets  owned  by  the  government,  they  procured  a  full  set,, 
their  duplicates,  which  being  tested  at  the  Navy  Yards  at  Charlestown 
and  Brooklyn,  proved  to  interchange  satisfactorily.  Feeling  that  they 
were  now  able  to  construct  tools  in  conformity  with  the  already  recog- 
nized standards,  they  were  placed  upon  the  market.  The  demand  has- 
steadily  increased,  and  several  of  the  largest  railroads  are  constructing 
their  work  on  this  principle  and  demanding  their  contractors  to  conform 
thereto.  The  larger  companies  are  adhering  to  the  standards,  but  there^ 
is  a  constant  tendency  to  destroy  the  perfection  of  the  system  by  order- 
in  ^Jjd  and  ^th  sizes.  Also,  frequently  the  nimiber  of  threads  is  changed 
but  the  shape  ordered  retained.  Such  departures  would  seem  to  be- 
unnecessary,  and  destructive  to  the  best  results.  Iron  can  be  procured 
of  accurate  sizes  when  demanded.  Engineers  and  manufacturers  should 
be  sufficiently  alive  to  their  own  interests  to  discountenance  any  unneces- 
sary deviation  from  the  standards. 

"To  make  screw  work  interchangeable  will  require  careful  supervision 
and  accurate  gauges.  If  manufacturers  establish  their  own  standards, 
their  work  will  not  interchange  either  with  one  another  or  the  govern- 
ment standards,  by  which  the  largest  majority  of  the  work  has  thus  far 
been  constructed.  The  causes  that  have  delayed  the  adoption  of  the 
system  are  apparent  and  have  been  removed.  Its  adoption  by  the  Navy 
Department,  Master  car  builders  and  several  of  the  larger  constructors,, 
its  increased  use  by  the  general  public  give  assurances  that  promise 
well  for  its  rapid  and  general  adoption. 

"George  R.  Stetson.'' 


Important  Triangulation. — One  of  the  greatest  trigonometrie 
works  that  have  ever  been  undertaken  is  the  union  of  the  Spanish  and 
Algerian  Surveys.  The  Spanish  engineers  are  stationed  in  the  Sierra 
Nevada  and  upon  Mt.  Tetica ;  the  French  at  Fillaoussen,  near  Nemours,, 
and  at  Ben  Sabra,  near  Oran.  The  latter  are  under  the  orders  of 
Commander  Perier,  of  the  Bureau  of  Longitudes. — Der  Techniher. 

C. 
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STEAM-BOILER  EXPERIMENT. 


By  Chief  Engineer  Isherwood,  U.  S.  Navy. 

During  an  investigation  of  the  effect  of  automatic  steam  r^ulating 
dampers,  conducted  by  a  Board  consisting  of  the  writer  and  Chief 
Engineers  Zeller  and  Snyder,  of  the  United  States  Navy,  it  became 
necessary  to  ascertain  the  exact  economic  vajKjrization  of  water  by 
anthracite  in  the  two  boilers  of  the  locomotive  type  furnishing  steam 
for  the  machine-shop  of  the  New  York  Navy  Yard ;  and  the  results 
of  the  trials,  together  with  a  description  of  the  manner  of  making 
them,  and  of  the  boilers,  are  given  in  this  paper. 

The  two  boilers,  which  are  exact  duplicates  in  all  respects,  are  situ- 
ated side  by  side  in  the  boiler-house  and  have  a  steam  connection  in  com- 
mon, so  that  both  are  worked  with  precisely  the  same  pressure,  and  they 
deliver  their  gases  of  combustion  into  the  same  chimney,  which  is  also 
used  for  other  purposes. 

Each  boiler  is  fitted  with  a  steam-gauge  and  a  glass  water-gauge, 
and  had  a  sensitive  metallic  pyrometer  permanently  placed  in  its  uptake 
to  denote  the  temperature  of  the  gases  of  combustion  emerging  from 
the  tubes.  In  the  verticjil  descending  flue  of  each  boiler  which  led 
from  its  uptake  to  the  horizontal  flue  conducting  these  gases  to  the 
•chimney,  there  was  permanently  placed  between  the  uptake  and  the 
•damper,  a  U  formed  glass  tube  containing  colored  water  and  fitted 
with  a  sliding  scale,  so  that  the  force  of  the  draught  could  be  meas- 
ured by  the  height  of  the  column  of  water  supported  by  the  excess  of 
the  atmospheric  pressure  over  the  pressure  in  the  flue. 

All  the  feed-water  supplied  to  the  boilers  was  first  accurately  meas- 
ured in  a  rectangular  tank  of  wood  lined  with  sheet  lead  and  having 
its  bottom  carefully  leveled.  The  capacity  of  this  tank  up  to  its  over- 
flow, was  118'709  cubic  feet;  and  it  was  filled  by  gravity  with  water 
from  the  mains  of  the  city  of  Brooklyn's  water-works.  The  bottom 
•of  the  tank  was  on  an  open  platform  at  a  considerable  elevation  above 
the  top  of  the  boilers,  so  that  all  parts  both  of  the  tank  and  its  con- 
nections were  in  open  view.  From  the  tank,  the  feed-water  descended 
by  gravity  into  a  "  heater"  where  its  temperature  was  largely  increased 
(from  42  J  to  175  degrees  Fahrenheit)  by  the  exhaust  steam  from  the 
non-condensing  engine  of  the  machine-shop ;  and  from  the  "  heater'' 
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it  was  pumped  into  the  boilers  by  a  small  steam-pump.  The  steam 
from  the  boilers  was  used  as  fast  as  generated  to  work  this  engine  and 
to  heat  the  machine-shop.  The  temperature  of  the  water  in  the 
*^  heater*'  was  given  by  a  thermometer  permanently  inserted  in  it. 

Manner  of  Making  the  Experiments. 

The  experiments  were  two  in, number  and  made  in  exactly  the  same 
manner;  they  were,  in  fact,  repetitional,  and  gave  almost  exactly  the 
same  results.  The  duration  of  the  first  was  lOf  consecutive  hours, 
and  of  the  last,  made  after  an  interval  of  six  days,  11  consecutive 
hours,  the  aggregate  being  21|  hours,  the  totals  and  means  of  which 
will  be  found  in  the  table  hereinafter  given. 

During  these  experiments,  and  for  some  weeks  previous,  the  tubes 
were  not  swept,  but  the  soot  upon  them  was  light.  Neitiier  had  the 
water-side  of  the  heating  surfaces  been  cleaned  for  a  considerable  time, 
so  that  the  boilers,  as  regards  cleanliness,  were  in  J;he  condition  of  ordi- 
nary practice.  They  were  perfectly  tight,  and  well  protected  form 
heat  radiation  by  a  non-conducting  coating. 

The  coal  consumed  was  Pennsylvania  anthracite  of  good  quality, 
broken  into  pieces  averaging  3  inches  cube.  It  was  accurately  weighed 
in  an  iron  tub  counterbalanced  on  the  scales,  and  filled  each  time  to 
the  same  weight.  The  refuse  from  this  anthracite  was  separated  by 
screening  into  clinker  and  ash,  each  being  weighed  in  the  dry  state  in 
the  same  manner  as  the  anthracite.  During  the  experiments,  the  fires 
were  not  cleaned  any  further  than  could  be  done  by  revolving  the 
Ashcroft  grate-bars,  which  shook  out  some  of  the  fine  ash,  but  most 
of  the  ash  and  all  of  the  clinker  remained  in  the  furnace  imtil  the  end 
of  the  experiment.  The  furnace-doors  were  kept  closed  except  when 
opened  for  throwing  in  the  coal.  The  fires  were  maintained  about  10 
inches  thick. 

During  the  night  preceding  each  experiment,  a  banked  fire  was  kept 
in  the  boilers  according  to  custom,  and  in  the  morning  of  the  experi- 
ment it  was  thoroughly  cleaned  of  ash  and  clinker,  and  spread  over 
the  grate-bars  to  the  thickness  of  3  inches.  On  this,  the  fresh  coal 
was  fired — ^the  height  of  the  water  in  the  glass  gauge  having  been 
previously  adjusted — ^and  the  steam  pressure  and  the  time  being  noted, 
the  experiment  was  held  to  commence.  At  its  end,  the  fires  were 
burnt  out  as  completely  as  possible  and  then  hauled,  the  steam  pressure 
and  water  level  having  been  made  the  same  as  at  the  commencement. 
AVhole  No.  Vol.  CVII.— (Third  Series,  Vol.  Ixxvii.)  18 
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Whatever  unconsumed  coal  was  found  in  the  hauled  fires,  was  picked 
out,  weighed,  and  deducted.  The  quantity  of  coal  consumed  by  this 
method,  included,  of  course,  the  3  inches  depth  on  the  grate-bars  at 
the  commencement  of  the  experiment. 

During  each  experiment  a  tabular  record  or  log  was  kept,  in  the 
columns  of  which  were  entered  every  fifteen  minutes,  the  height  of  the 
barometer,  the  pressure  of  the  steam  in  the  boilers,  the  height  of  the 
water-column  in  each  of  the  U  shaped  glass  tubes  measuring  the  force 
of  the  chimney-draught,  and  the  temperatures  of  the  external  air,  of 
the  air  in  the  boiler-room,  of  the  feed-water  in  the  tank,  of  the  feed- 
water  in  the  "  heater,''  and  of  the  gases  of  combustion  in  each  uptake. 
The  exact  time  at  which  each  tankful  of  water  was  emptied  was  noted, 
and  the  depth  of  water  drawn  from  the  last  tank. 

The  following  is  a  description  of  one  of  the  duplicate  boilers  on 
which  the  experiments  just  described,  were  made. 

Boiler. 

The  boiler  is  of  the  locomotive  type  with  fire-tubes  extending  hori- 
zontally in  direct  continuation  of  the  furnace. 

The  front  portion  of  the  shell  is  rectangular  in  plan,  4  feet  4  inches 
in  width,  8  feet  9 J  inches  in  length,  and  6  feet  6  inches  in  height :  its 
top  is  semi-cylindrical.  This  portion  of  the  shell  is  placed  over  an 
independent  ash-pan  of  cast-iron  6  inches  below  it.  The  back  portion 
of  the  shell,  including  the  uptake,  is  cylindrical,  4  feet  4  inches  in 
diameter,  and  13  feet  9  J  inches  in  length,  making  the  extreme  length 
of  the  entire  shell  22  feet  7  inches.  The  upper  half  of  the  back  por- 
tion is  a  horizontal  extension  of  the  semi-cylindrical  top  of  the  front 
portion.  On  the  back  portion  of  the  shell  is  a  cylindrical  steam-drum, 
30  inches  in  diameter  and  29  inches  in  height  above  the  top  of  the 
shell ;  it  has  a  flat  top  to  which  the  steam-pipe  is  bolted,  and  its  axis  is 
10  feet  from  the  boiler  front.  The  entire  shell  and  steam-drum  are 
of  f  inch  thick  plate  iron.    . 

The  boiler  has  one  furnace,  8  feet  long  and  3  feet  6  inches  wide  in 
the  clear :  its  sides  are  vertical,  and  its  top,  which  is  flat,  is  connected 
to  them  by  quadraiital  ah»  of  9  inches  radius.  The  front  of  the  fur- 
nace is  separated  from  the  shell  by  flat  water-spaces  of  4f  inches  width, 
including  thicknesses  of  metal ;  and  the  sides  of  the  furnace  are  sepa- 
rated from  the  shell  by  similar  spaces,  or  water-legs,  of  5  inches  width, 
including  thicknesses  of  metal.     The  lower  part  of  the  back  of  the 


Digitized  by 


Google 


April,  1879.]  Isherwood — Boiler  Experimetd,  251 

furnace  is  separated  from  the  shell  by  a  flat  water-space  of  4f  inches 
width,  including  thicknesses  of  metal ;  and  the  upper  part  of  the  back 
of  the  furnace  forms  the  forward  tube-plate. 

The  furnace-door  is  according  to  Ashcroft's  patent ;  it  is  suspended 
from  an  axle  at  its  upper  edge  and  is  counterbalanced  on  the  opposite 
side,  the  ends  of  the  axle  being  supported  by  pillow-blocks  in  project- 
ing brackets  from  the  door-frame.  The  door  is  thus  made  to  open 
vertically  instead  of  'horizontally,  as  usual,  and  by  means  of  the  coun- 
terbalance to  remain  in  any  position  in  which  it  may  be  left.  The 
opening  for  the  door  is  rectangular,  18  inches  wide  and  16  inches 
high.  The  door  is  perforated  with  thirty-seven  holes  of  -f^  inch  diam- 
eter for  the  admission  of  air  above  the  incandescent  fuel ;  and  during 
Ihe  experiment  was  kept  closed  except  when  coal  was  thrown  into  the 
iiirnace. 

The  grate-bars  are,  also,  according  to  Ashcrdft's  patent,  but  are  without 
the  inclined  dead-plate  at  the  front  which  the  patentee  directs  to  be 
used  in  connection  with  them.  The  bars  are  nineteen  in  number,  of 
wrought  iron  1 J  inches  square,  and  they  protrude  three  inches  beyond 
the  boiler  front,  coming  out  with  their  upper  surface  six  inches  below 
the  bottom  of  the  door.  The  upper  surface  of  the  bars  is  four  feet 
below  the  furnace-crown  of  the  front,  and  four  feet  two  and  one-eighth 
inches  below  it  at  the  bridge-wall.  The  air-spaces  between  the  bars 
are  0*675  in.  wide.  The  object  of  protruding  the  bars,  as  well  as  of 
making  them  square  in  cross  section,  is  that  they  may  be  revolved  on 
their  axes  by  a  socket  wrench  applied  successively  to  their  free  ends,  so 
as  to  clean  the  fire  of  ash  without  opening  the  furnace  door.  The  bearers 
are  crenated  in  semicircular  grooves  in  order  that  the  bars  may  not  be 
dislodged  in  turning.  The  grate  surface  is  5  feet  8  inches  in  length, 
and  3  feet  6  inches  in  breadth,  declining  2\  inches  from  front  to  back. 

The  bridge-wall  is  of  brick  masonry,  15  inches  high  above  the  top 
of  the  grate-bars,  level  on  its  top,  and  2  feet  four  inches  in  thickness 
lengthwise  the  boiler. 

From  the  furnace  to  the  uptake  proceed  in  direct  prolongation  of  the 
furnace,  thirty-two  horizontal  fire-tubes,  ten  of  which  have  an  i;iside 
diameter  of  3f  inches,  and  the  remaining  twenty-two  an  inside  diameter 
of  4  J  inches ;  all  have  an  extreme  length  of  12  feet  6  inches  from  outside 
to  outside  of  tube-plates  which  are  f  inch  thick.  The  tubes  are  of  \  inch 
thick  iron,  and  are  secured  by  being  expanded  on  the  inner  side  of  their 
plates  and  riveted  over  the  outer  side.     They  are  arranged  vertically, 
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in  six  rows :  the  upper  row  contains  four  tubes  of  4J  inches  and  two 
of  3f  inches  inside  diameter,  the  three  succeeding  rows  contain,  each,  six 
tubes  of  4 J  inches  inside  diameter ;  the  nextrow  contains  six  tubes  of  SJ 
inches  inside  diameter ;  and  the  lowest,  or  last  row,  contains  two  tubeft 
of  3f  inches  inside  diameter. 

The  uptake  into  which  the  tubes  debouohe,  occupies  the  last  204 
inches  of  the  length  of  the  shell,  and  its  extremity  is  fitted  with  a  docw 
hinged  at  its  upper  edge  to  give  access  to  the  back  ends  of  the  tubcH 
for  sweeping  and  repair.  From  the  bottom  of  the  uptake  a  vertical 
flue,  rectangular  in  cross  section  and  measuring  14  by  34  inches  in  the 
clear,  descends  several  feet  to  a  horizontal  flue  which  leads  to  the 
chimney.  The  damper  is  placed  in  this  vertical  rectangular  flue  at  1^ 
inches  below  the  boiler-shell. 

The  entire  shell,  including  the  steam-drum,  is  covered  with  a  2  incheK 
thick  coating  of  asbestos  cement,  as  a  non-conductor  of  heat. 

The  following  are  the  principal  dimensions  and  proportions  of  the 
boiler,  namely : 

Extreme  length  of  shell,  .  .  .  .   .      22  ft.  7  in. 

Extreme  breadth  of  shell,    .  .  .  .  4  ft.  4  in. 

Extreme  height  of  shell  from  bottom  of  ash  pit,  exclu- 
ding steam  drum,  ,  .  .  .  .         7  ft. 
Extreme  height  of  shell  from  bottom  of  ash-pit,  inclu- 
ding steam-drum, .             .             .             .             .         9  ft.  5  in. 
Diameter  of  steam-drum,     .             .             .             .  2  ft.  6  in. 
Length  of  grate-surface,             .             .             .             .         5  ft.  8  in. 
Breadth  of  grate-surface,     .             .             .             .  3  ft.  6  in. 
Area  of  grate-surface,    .             .             .             .             .      19|- sq.  ft. 
Number  of  tubes,    .....            32. 
Outside  diameter  of  tubes.           Ten  of  4  in.  and  twenty-two  of  4 J  in. 
Inside  diameter  of  tubes,     .     Ten  of  3f  in.  and  twenty-two  of  4J  hi. 
Length  of  tubes  in  clear  of  tube-plates,        .             .            12  ft.  5  J  in. 
Heating  surface  in  the  furnace               .             .             .     99'182  sq.ft. 
Heating  surface  in  the  tubes,  calculated  for  their  inner 

circumference,        .....  426*464 sq.ft. 
Heating  surface  in  the  uptake,       .  .  .  8*354  sq.  ft. 

Total  heating  surface  in  the  boiler,        .  .  .  534*000  sq.  ft. 

Aggregate  cross  area  of  the  tubes,  .  .  2*9343  s.  ft. 

Cross  area  of  the  vertical  descending  flue,  .  ,       3*3056  s.  ft* 
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S(|uare  feet  of  heating  surface  per  square  foot  of  grate 

surface,      .  .  .  .  .  .    26-9244 

^uare  feet  of  grate  surface  per  square  foot  of  cross  area 

of  tubes,    .  .  .  .  .  .      6-7591 

Square  feet  of  grate-siu&ce  per  square  foot  of  cross  area 
of  vertical  descending  flue, 

Extreme  height  of  steam-room,  exchtsive  of  steam  drum. 

Area  of  water  level,  .... 

Oapacity  of  steam-room,  including  steam-drum, 

•Capacity  of  water  room  to  4  inches  above  crown  of  fur- 
nace, ...... 

Distance  traveled  by  the  gases  of  combustion  from  the  cen- 
tre of  the  furnace  to  the  centre  of  the  uptake. 

Height  of  the  chimney  above  the  level  of  the  grate-bars. 

With  the  boiler  above  described,  and  with  the  experiments  made  in 
ihe  manner  hereinbefore  detailed,  there  were  obtained  the  data  and 
results  given  in  the  follo\ving  table : 

When  one  pound  of  the  combustible,  or  gasifiable,  portion  of  anthra- 
cite is  burned  to  the  complete  oxidation  of  its  constituents,  the  heat 
•developed  is  sufficient  to  vaporize  under  the  pressure  of  29*92  inches  of 
mercury,  15*4258  pounds  of  water  having  the  temperature  of  212^ 
Fahrenheit.  According  to  the  above  table,  the  vaporization  realized 
under  these  conditions  with  the  navy-yard  boilers,  was  10*0471  pounds 
of  water  per  pound  of  the  gasifiable  portion  of  the  anthracite,  equiva- 
lent to  an  absorption  of  ( =  I  65*132  per  centum  of 

^  V         15*4258  /  ^ 

the  total  heat,  leaving  34*868  j^r  centum  lost  by  the  heat  in  the  gases  of 
<^mbustion  entering  the  chimney,  by  imperfect  combustion,  and  by  exter- 
nal radiation.  The  latter  was  very  small  and  may  be  neglected.  The 
loss  by  imperfect  combustion  with  anthracite  when  burned  in  a  boiler- 
furnace  with  copious  air  supply,  amounts  to  about  y^  of  the  carbon 
^nd  ^  of  the  hydrogen  constituent,  which  reduces  the  heat  developed 
by  such  combustion  of  one  pound  of  the  gasifiable  portion  of  anthracite 
to  the  quantity  sufficient  for  the  vaporization  of  only  15*1541  pounds 
of  water  under  the  given  conditions,  making  the  vaporization  realized  by 

the  navy-yard  boilers  equivalent  to  an  absorption  of  (  — ^ =  J 

^6*30  per  centum  of  the  total  heat,  leaving  33*70  per  centum  contained 
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Dayton  17*09  miles,  and  the  average  dead  load  of  engine,  tender,  coal 
and  water  for  whole  run  was  111,413*33  pounds. 

The  resistance  was  obtained  by  a  train  of  tihirty-five  loaded  box 
freight  cars  and  caboase  weighing  1,454,470  pounds,  making  aver- 
age gross  load  from  Cincinnati  to  Dayton  1,565,583*33  pounds  or 
782-942  tons  of  2000  pounds. 

The  engine  is  used  in  hauling  express  freight,  and  occasionally  in 
hauling  express  passenger  trains  between  Cincinnati  and  Dayton,  and 
had  been  out  of  the  shop  twenty-two  months.  At  time  of  test  the 
engine  had  a  record  of  55,471  miles,  and  excepting  the  caulking  of  a 
seam  in  the  waist  of  the  boiler,  and  the  setting  up  of  the  brasses  in  the 
rods,  was  run  without  any  attempt  to  improve  its  condition.  Of  course 
it  would  not  be  held  that  the  engine  was  tested  under  as  favorable  cir- 
cumstances as  though  it  were  just  from  the  shop  or  had  run  but  a  montli 
or  so  on  light  traffic.  The  test,  however,  was  not  to  ascertain  what 
locomotive  engines  and  boilers  do  under  favorable  conditions,  but  what 
they  do  under  average  conditions. 

The  Company  owns  engines  of  nearly  every  popular  make,  but  as 
the  "  Baldwin  ''  is  probably  the  representative  American  locomotive, 
and  is  well-known  in  everj"  part  of  the  world  where  railroads  prevail, 
one  of  these  was  selected  for  the  experiments  as  being  capable  of  more 
completely  reflecting  American  locomotive  practice. 

It  is  to  be  regretted  that  so  little  test  data  exist  upon  the  perform- 
ance of  American  locomotive  boilers  and  engines.  The  English  and 
French  engineers  have  given  no  inconsiderable  attention  to  the  economy 
of  locomotive  engines,  whilst  in  this  countr>^  the  tests  are  few,  and 
so  far  as  the  writer  is  aware  no  tests,  excepting  those  herein  detailed, 
have  been  made  covering  the  connected  performance  of  boiler  and 
engines. 

In  the  present  instance  much  of  the  apparatus  for  the  experiments 
was  hastily  improvised,  and  being  limited  to  a  given  time  in  making 
the  run  from  Cincinnati  to  Dayton,  no  opportunity  was  offered  for 
a  preliminary  test  by  way  of  proving  the  correctness  of  the  arrange- 
ments; with  the  exception,  however,  of  the  breaking  of  the  speed 
counter  after  fifteen  miles  had  been  run,  and  the  failure  of  the  observer 
having  charge  of  the  calorimeter  to  note  certain  necessary  data,  the 
experiments  were  entirely  satisfaetor}'.  The  objects  of  the  test  were  to 
ascertain 
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First.  The  economy  of  performance  of  the  boiler. 

Second.  The  evaporation  capacity  of  boiler. 

Third.  Relation  of  heating  surface  to  power  developed  by  connetjted 
-engines. 

Fourth.  Relation  of  grate  to  coal  burned. 

Fifth.  The  economy  of  performance  of  the  engines  independently 
"Considered. 

Sixth.  Relation  of  power  developed  to  load. 

Seventh.  Power  expended  in  moving  engine  alone  at  given  speed. 

The  coal  burned  during  the  run  was  Pittsburgh  No.  2,  broken  and 
screened ;  of  this  6960  pounds  was  stored  in  the  forward  part  of  the 
tank,  the  hold  having  been  divided  transversely,  forward  of  the  centre, 
by  a  partition. 

Upon  both  sides  of  the  tank,  at  midlengtb,  glass  gauges  were  con- 
nected to  furnish  the  water  levels ;  the  gauges  were  set  centrally  as 
regards  the  length  of  tank  to  furnish  correct  mean  readings  on  grades, 
and  two  gauges  were  used  to  compensate  for  the  elevation  of  one  side 
of  the  tank  in  passing  curves.  The  zero  points  of  the  scales  attached 
to  the  gauges  were  made  to  coincide  when  tank  was  on  a  carefully 
leveled  portion  of  the  track  in  the  Cincinnati  yard ;  and  the  mean  of 
the  readings  of  the  two  gauges  was  held  to  represent  the  level  of  water  on 
vertical  axis  of  tank.  Previous  to  the  commencement  and  at  the  end 
of  each  run,  sufficient  time  wai?  allowed  to  j^ermit  the  water  to  become 
entirely  quiescent,  when  the  levels  were  read  and  entered  in  the  log. 
It  was  the  intention  to  note  the  rate  of  consumption  of  water  at  intervals 
during  the  runs,  but  the  violent  and  rapid  oscillations  of  the  water  in 
the  glass  tubes  rendered  this  next  to  imjwssible,  and  the  readings  that 
were  taken  are  abandoned. 

The  temperature  of  the  feed  water  in  the  tank  was  read  every  two 
minutes  during  the  runs.  After  the  tests  were  completed  the  tank  was 
filled  to  highest  gauge-point  noted  in  the  water  log,  weighed  and  the 
water  drawn  down  to  the  next  gauge  point,  re-weighed  and  so  on  until 
the  least  level  of  water  noted  in  the  log  was  reached ;  the  temperature 
being  noted,  the  weights  thus  obtained  as  quantities  due  diiferences  of 
level  in  the  tank  were  corrected  to  correspond  with  mean  observed 
temperatures  of  water  during  the  runs.  No  steam  was  blown  into  the 
feed  pipes  to  heat  the  water  during  the  tests. 

The  engines  were  precisely  of  the  same  dimeusicms  except  in  the 
piston  rods ;  that  of  the  left  engine  having  been  renewed  previous  to 
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the  tests,  and  increased  •0625  in.  in  diameter.  The  diameters  of  cyl- 
inders and  strokes  of  pistons,  areas  of  steam  and  exhaust  passages,  travels 
and  laps  of  valves,  valve  functions  as  measured  on  the  guides,  and, 
of  course,  the  revolutions  of  both  engines  were  the  same ;  and,  without 
data  to  the  contrary,  one  would  suppose  that  the  load  was  equally 
divided  betw'een  the  two  engines.  To  determine  whether  the  engines 
did  equal  portions  of  the  work,  each  was  separately  indicated.  One 
indicator  was  attached  to  each  cylinder ;  this  was  set  forward  of  the  mid- 
length  and  vertically  over  the  steam  chest ;  both  ends  of  cylinder  were 
piped  to  the  indicator;  the  pipes  from  forward  end  and  from  the 
after  end  were  of  same  dimensions  of  bore  and  length.  An  open-way 
stop-cock  with  lever  handle  \vbs  set  in  each  branch  of  the  indicator 
pipes  to  cut  off  the  opposite  end  of  cylinder  when  taking  the  diagram, 
and  to  shut  off  both  ends  when  indicator  was  out  of  use.  The  pipe> 
were  necessarily  of  short  lengths,  and  were  careftiUy  rounded  at  the  end<j 
and  filed  for  whole  length  to  offer  as  little  resistance  as  possible  to  the 
flow  of  steam. 

The  indicator  springs  were  made  for  the  experiments  by  the  Buck- 
eye Engine  Company,  of  Salem,  Ohio,  and  were  verj'  accurate  as  devel- 
oi)ed  by  direct  load  test  and  precisely  alike  in  their  action.  The  dia- 
grams were  taken  on  the  left  engine  by  the  writer,  and  on  the  right 
engine  by  an  experienced  assistant,  and  were  taken  simultaneously  first 
from  forward,  then  from  back  end  of  (ylinder,  from  signals  given  on 
the  engine's  whistle.  The  diagrams  were  taken  everj'  two  minutes 
during  the  run,  except  at  times  when  engine  was  on  down  grade  and 
steam  shut  off.  Excepting  certain  diagrams,  to  which  attention  is  directed, 
all  were  taken  with  throttle  wide  open  and  speed  of  engines  controlled 
by  the  links  and  reversing  lever.  In  addition  to  the  operators  at 
the  indicators,  two  assistants  rode  on  the  pilot  of  the  locomotive  and 
noted  <m  the  di^igrams  the  consecutive  numbers  and  engines  (right  and 
left)  from  which  they  were  taken. 

From  Cincinnati  to  Hamilton  water  tank,  a  distance  of  24*695  miles, 
the  run  was  made  in  one  hour  and  twenty-six  minutes,  during  which 
time  were  taken  forty  diagrams  from  each  end  of  each  cylinder,  or 
eighty  cards  from  each  engine.  From  Hamilton  to  Twin  Creek,  a  dis- 
tance of  15'869  miles,  the  nm  was  made  in  forty-two  minutes,  during 
which  time  were  taken  twenty  diagrams  from  each  end  of  each  cylinder 
or  forty  cards  from  each  engine.  From  Twin  Creek  to  Dayton,  a  dis- 
tance of  16*267  miles,  the  run  was  made  in  42*5  minutes,  during  which 
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time  were  taken  twenty-one  diagrams  from  each  end  of  each  cylinder 
or  forty-two  cards  from  each  engine;  making  three  hundred  and 
twenty-four  diagrams  in  a  total  run  of  fifty-seven  miles,  or  an  average 
of  nearly  six  diagrams  (both  engines)  per  mile  run. 

The  track  in  plane  is  composed  of  a  succession  of  curves  and  tangents^ 
From  Cincinnati  to  Dayton  the  road  was  divided  into  ninety-six 
stations,  each  station  indicating  the  southern  end  of  the  curve,  simple 
or  compound,  or  tangent  as  the  case  might  be.  From  profiles  of  the 
road-bed  and  the  civil  engineer's  notes,  a  chart  was  prepared  showing 
the  succession  of  the  stations,  grades  and  levels,  distances  from  station 
to  station  measured  in  the  centre  of  track,  angular  deflection  of  curves, 
degrees  comprised  in  the  arcs,  and  ratio  of  ascending  or  descending 
grades.  An  observer  sat  at  the  right  cab  window  and  noted  the  time^. 
to  second,  of  passing  each  station. 

A  calorimeter  consisting  of  a  coil  of  brass  drawn  tube  and  a  tin  tank,, 
the  whole  arranged  as  a  small  surface-condenser,  was  used  to  obtain  the 
data  from  which  to  estimate  the  quality  of  steam  produced;  the  upper 
end  of  coil,  which  was  set  vertically  in  the  tank,  was  connected  by  a 
small  pipe  with  the  after  steam-dome,  and  an  open  way  cock,  with  an 
orifice  '0469  in.  diamd;er,  controlled  the  flow  of  steam  to  the  coil ;  the 
lower  end  of  the  coil  was  carried  through  the  side  of  the  tank  and 
turned  down  into  a  receiving  tank,  where  the  water  of  condensation  was- 
collected.  The  condensing  water  was  caiTied  in  a  saddle-tank,  set  on 
the  boiler  between  the  forward  dome  and  sand  box,  a  rubber  hose  con- 
veying the  water  into  the  condenser.  The  injection  entered  at  the 
bottom  of  the  condenser  and  passed  out  at  the  top,  a  rubber  hose  carried 
out  on  the  running  board  delivering  the  hot  condensing  water  clear  of 
the  track.  Three  temperatures  were  read — the  injection,  overflow  and 
condensation  from  the  worm;  and  two  quantities  were  noted — the 
expense  of  condensing  water  in  the  saddle-tank  and  weight  of  conden- 
sation from  the  worm. 

Although  the  arrangements  for  taking  the  calorimeter  observations 
were  very  complete,  the  record  at  this  point  is  useless ;  the  assistant 
having  entirely  overlooked  the  observations  of  condensing  water 
expended.* 

*  The  writer  would  suggest  that  whilHt  it  is  an  easy  matter  in  directing  experiments 
on  stationary,  marine  or  pumping  engines,  to  visit  and  confer  with  the  assistants  and 
verify  or  coiTect  their  records  during  the  tests,  this  is  impossible  in  making  a  running 
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The  boiler  pressures  were  taken  from  a  steam-gauge  made  for  tiie 
experiments,  and  by  mercury  column,  practically  accurate ;  a  speed- 
counter,  taking  motion  from  the  swinging  arm  attached  to  the  cross- 
head  of  the  left  engine  to  drive  the  indicator,  was  secured  on  the  after 
€nd  of  cab. 

The  writer  was  extremely  anxious  to  obtain  a  correct  record  of  the 
revolutions  of  drivers ;  to  arrive  at  the  imperceptible  slip,  the  exad; 
running  distances  were  carefully  measured  by  the  civil  engineer  of  the 
road  subsequent  to  the  tests,  as  also  the  running  times  during  the  tests, 
and  with  a  correct  record  of  the  revolutions,  the  imperceptible  slip  of 
driver  for  whole  runs  and  increments  of  runs  could  have  been  obtained 
with  great  precision.  The  counter  record,  however,  covers  only  the  first 
:sixteen  miles  of  the  run  from  Cincinnati  to  Hamilton.  The  time  wa^ 
taken  from  a  lever  clock  in  the  cab  of  the  engine,  and  the  signals  were 
given  regularly  eviery  two  minutes  on  the  whistle.  Fifteen  seconds 
previous  to  each  reading,  two  short  blows  were  given  to  notify  the 
observers  of  an  approaching  observation,  and  upon  completion  of  each 
two-minute  interval  a  single  sharp  blow  produced  a  simultaneous  action 
of  the  assistants. 

It  has  been  intimated  that  test  data  on  the  performance  of  Amer- 
ican locomotive  engines  are  scarce.  The  master  mechanics  of  the 
various  railroads  assemble  in  convention  once  each  year,  and  discuss  a 
list  of  topics  pertinent  to  locomotive  practice  from  an  experimental 
standpoint,  and,  singular  as  it  may  seem,  two  master  mechanics  in  dif- 
ferent parts  of  the  country,  will  test  the  same  improvements  under  the 
same  conditions,  and  obtain  diametrically  opposite  results,  one  lauding 
the  improvement  as  a  magnificent  success,  and  his  opponent  condemu- 
ing  it  as  a  miserable  failure.  ( Vide  "Annual  Reports  of  the  Master 
Mechanics'  Association.'') 

Of  course  such  experiments  as  these  are  worthless,  and  the  sooner 
locomotive  builders  and  railway  companies  learn  to  test  by  systematic 
methods  the  machinery  built  by  the  one  and  used  by  the  other,  the 
sooner  will  locomotive  practice  appreciate  that  of  the  marine,  pump- 
ing and  automatic  cut-off  engines. 

Whenever  railway  companies  are  taught  to  buy  locomotives  as 
municipal  corporations  buy  pumping  engines,  and  steamship  compa- 


test  of  a  locomotive,  each  observer  being  practically  glued  to  his  station^  and  unlesR 
fully  cognizant  of  and  familiar  with  his  duties,  is  very  liable  to  error  in  making  up 
his  notes. 
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nies  buy  marine  machinery,  then  and  not  earlier  will  the  economic  and 
capacity  value  of  the  locomotive  engine  advance. 

The  writer  must  not  be  understood  as  denying  excellence  in  the 
American  locomotive;  upon  the  contrary,  that  excellence  is  fairly 
proven  by  these  experiments ;  but  while  these  experiments  are  con- 
vincing as  to  the  merits  of  the  "  Baldwin"  engine,  they  do  not  show 
the  precise  position  of  the  engine  in  the  scale  of  merit.  The  Bald- 
win is  generally  recognized  as  the  representative  American  locomotive ; 
and  certainly,  if  enterprise  and  liberality  is  a  gauge  of  merit,  then  the 
Baldwin  Company  is  entitled  to  the  palm ;  but,  independent  of  any 
general  impressions  that  may  prevail  in  behalf  of  the  Baldwin,  the 
Rogers,  or  the  Grant  locomotive,  it  is  to  the  interests  of  the  builders  of 
these  engines  to  place  their  machinery  before  railway  companies,  not 
upon  the  opinion  of  any  or  all  master  mechanics,  but  upon  a  founda- 
tion of  facts,  and  these  facts  to  be  obtained  by  methods  that  leave  no 
room  to  doubt  the  pronounced  value  of  the  machine. 

There  was  a  period  in  the  histcHy  of  American  railways  when  the 
economic  and  capacity  value  of  a  locomotive  was  of  very  little  moment. 
If  one  engine  was  incapable  of  hauling  a  load  between  given  points  in 
a  given  time,  the  load  was  divided,  and  two  engines  and  two  sets  of  men 
were  employed  to  do  the  work.  If  the  expense  of  fuel  to  overcome  a 
given  resistance  in  a  given  time  was  twice  what  it  should  have  been, 
no  interest  was  felt  in  reducing  it,  as  fuel  was  cheap  and  dividends 
large.  This,  however,  is  not  the  condition  of  American  railways  at 
present ;  few  companies  can  profitably  neglect  the  cost  of  operating 
their  locomotives,  and  whilst  (so  far  as  the  writer  is  aware)  no  intelli- 
gent effort  has  been  made  by  any  railway  company  to  materially 
advance  the  economic  and  capacity  standard  of  their  engines,  the  desire 
to  do  so  is  manifested  quite  the  same. 

Unfortunately  railway  managers  are  rarely  qualified  to  examine  and 
criticise  the  precise  performance  of  locomotives,  and  are  compelled  to 
rely  entirely  upon  their  master  mechanics  to  fill  the  position  of  an 
expert  as  well  as  a  superintendent  of  maehinery.  From  an  extensive 
acquaintance  among  the  steam  engineers  of  this  country,  the  writer  has 
yet  to  discover  the  superintendent  and  expert  succeasfuUy  embodied  in 
the  same  person ;  and  experience  has  shown  that  he  who  is  eminently 
successful  as  a  superintendent  of  men  is  very  unlikely  to  develop 
extraordinary  talent  as  an  expert. 

Without  adverting  further  to  the  "  eternal  fitness  of  things,"  in  the 
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operation  and  development  of  the  American  locomotive  engine,  the 
writer  would  suggest  that  the  test  of  a  Baldwin  engine  has  for  its 
object  the  creation  of  a  deeper  interest  upon  the  part  of  locomotive 
builders  and  railway  companies  in  this  eminently  useful  machine. 

In  the  following  tables  are  given  the  dimensions  of  boiler  and 
•engines,  from  data  furnished  by  Mr.  James  Eckford,  master  mechanic 
of  the  road.  The  clearance  was  determined  by  setting  the  engine  on 
the  («ntre  and  waxing  the  piston  to  prevent  transfer  of  water  firom 
<'learance  to  opposite  end  of  cylinder.  The  cylinder  head  was  then 
replaced  and  the  void  filled  with  water  to  level  of  valve  seat.  The 
water  was  tlien  drawn  off  by  the  drain-cock,  weighed  and  temperature 
noted.  The  volume  of  clearance  thus  obtained  was  slightly  in  excess 
of  that  measured  on  the  drawings  from  which  the  engine  was  built, 
but  this  is  easily  accounted  for  by  a  discrepancy  between  the  drawings 
und  patterns.  The  throttle  was  of  the  poppet  double  beat  type,  the 
upper  annular  area  alone  being  effective.  The  driving  wheels  were 
originally  60"  diameter,  but  by  ^^  retiring"  were  increased  to  61". 

The  weight  on  the  drivers  was  obtained  by  backing  the  engine,  dk- 
•connected  from  the  tank,  on  the  scale  and  noting  the  load.  The  engioe 
was  then  rim  on  the  scale  and  gross  weight  taken. 

Dimensions  of  Boiler. 


Fire-box,  length  inside, 

ins.    63-00 

"         height,      " 

"      60-60 

"         width,       " 

"      34-50 

Barrel,  length. 

"    128-50 

"     diameter. 

"      48-00 

Smoke-box,  length. 

"      33-50 

Tubes,  length. 

"    132-00 

"     diameter  (outside), 

2-00 

"     number, 

138. 

Heating  surface  in  fire-box, 

sup.  ft 

.      93-86 

"                 tubes, 

a 

794-82 

"                 front  tube  sheet, 

a 

10-00 

"                 aggregate,  . 

u 

898-67 

Cross  section  of  tub^  (calorimeter), 

sup.  ii 

1.  346-36 

"              chimney. 

(( 

254-47 

Area  fire-grate,                  .                 .  . 

sup.  ft 

.      15-09 

Ratio  of  heating  to  grate  surface. 

• 

59-647 
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Batio  of  grate  surface  to  calorimeter, 

6-27 

"         calorimeter  to  chimney, 

1-36 

Steam  domes,  number, 

2. 

"             diam.  (inside),    . 

ins.  23-60 

height. 

"    28-00 

Supply  dome,  center  of  barrel. 

Rear        "              "      fire-box, 

Dimensions  of  Engines. 

- 

Number  of  cylinders!. 

2. 

Diam.            "                     ... 

ins.  16-0000 

Stroke  of  pistons. 

"    24-0000 

Diam.  of  piston  rod  (right). 

"      2-7500 

.    "                    "       (left), 

"      2-8125 

Effective  mean  area  of  piston  (right). 

"  198-0900 

(left), 

"  197-9100 

Clearance  in  parts  of  stroke. 

•0760 

Increase  in  stroke  due  clearmioe. 

"      1-8240 

Area  of  openings  through  throttle. 

"    12-6646 

steam  pipe  (16"  X  1-25"), 

"    17-2000 

"     ports  (15"  X  2-60"),   . 

"    18-7000 

'.'.         exhaust  "       . 

"    37-4000 

"               "       nozzles. 

"      5-9400 

Travel  of  slide  valves  in  full  gear, 

"      5-3125 

Steam  lap  on  slide  valves,    . 

"        -8750 

Exhaust  lap          " 

"        -0625 

Diam.  of  drivers  (four). 

"    61-0000 

Driving  wheel  base,     .                 .                .                , 

ft.    8-0000 

Total,         «         « 

"  22-0000 

Weight  on  drivers. 

pds.  44,840 

"      of  engine  (total)  with  two  gauges  of  water. 

"      72,220 

In  the  following  tables  of  boiler  and  engine  performance,  the  runs 
from  Cincinnati  to  Hamilton,  from  Hamilton  to  Twin  Creek  and  from 
Twin  Creek  to  Dayton  are  separately  considered. 

As  the  boiler  is  the  source  of  the  power,  or  more  correctly  speaking, 
the  fuel  burned  in  the  furnace  is  the  source  of  the  power,  and  the 
boiler  the  means  of  adapting  the  calorific  eflPect  of  the  fuel  to  useful 
work,  the  first  inquiry  will  be  into  the  performance  of  the  boiler. 
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The  run  from  Cincinnati  to  Hamilton  occupied  one  hour  and  twenty- 
six  minutes^  without  stop,  during  which  time  there  was  pumped  into  the 
boiler  13,508*36  pounds  of  water  as  against  1814'96  pounds  of  coaL 
By  the  English  method  of  estimating  boiler  efficiency,  it  is  assumed 
that  the  water  fed  to  the  boiler  represents  the  total  evaporation,  but 
from  numerous  experiments  by  the  writer  and  others  on  boiler  perform- 
ance, the  fact  has  been  established  that,  except  superheating  surface  be 
provided,  no  boiler  furnishes  saturated  steam.  So  far  as  the  writer  in 
aware,  locomotive  boilers  are  not  provided  with  superheating  surface, 
and  it  is  proper  to  assume  that  a  certain  percentage  of  the  total  water 
pumped  into  the  boiler  went  into  the  dry  pipe  as  liquid.  The  arrange- 
ments for  taking  the  data  upon  which  the  primage  would  be  estimated 
were  very  complete,  but  the  negligence  of  the  assistant  charged  with  the 
work  of  observation  defeated  this  part  of  the  test.  The  relatively  large 
heating  surface  to  water  carried,  excellent  circulation,  and  high  temper- 
ature of  waste  gases  are  all  calculated  to  reduce  the  primage  to  a  min- 
imum; the  primage  is  taken  vAjive  pei*  cent,  for  each  run ;  hence  satur- 
ated steam  furnished  during  first  run  was  12,832*94  pounds,  and  steam 
per  pound  of  coal  7*0706  pounds,  or  estimated  from  and  at  212®  Fahr. 
8*36  pounds.  Estimating  the  coal  blown  unconsumed  out  of  the  chim- 
ney by  the  blast,  at  five  per  cent,  and  efficiency  of  coal  as  ninety  per 
cent>  an  equal  weight  of  carbon,  then  evaporation  from  and  at  212^ 

Fahrenheit   was =  9*77  pounds. 

•855  * 

Mr.  D.  K.  Clark,  in  his  "  Manual  for  Mechanical  Engineers"  *  fur- 
nishes a  table  of  the  performance  of  sixty-one  locomotive  boilers,  fifteen 
of  which  exhibit  an  evaporation  in  excess  of  ten  pounds  per  pound  of 
coke,  estimated  from  and  at  212®  Fahr.  The  manner  in  which  the 
boilers  were  tested,  pressure  of  evaporation,  speed,  load,  grades  and 
efficiency  of  coke  are  either  unknown  or  carefully  omitted.  All  these 
elements  have  a  decided  bearing  on  the  evaporation  performance  of  a 
locomotive  boiler,  and  it  would  be  manifestly  unfair  to  compare  the 
performance  of  the  "Baldwin"  boiler  with  that  of  any  other  make 
unless  both  were  worked  under  similar  or  known  conditions.  It  is  not 
known  that  any  special  differences  in  design  and  construction  exists 
between  the  standard  locomotive  boilers  of  America  and  England,  and 
with  equal  efficiency  of  fuel  and  like  conditions  of  performance,  the 

*  Pp.  799-800. 
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evaporation  for  boilers  of  similar  dimensions  should  be  approximately 
the  same  whether  tested  in  this  country  or  the  other.  The  "Baldwin'' 
boiler  was  not  tested  to  obtain  maximum  results,  but  to  obtain  results 
under  ordinary  conditions  of  performance,  and  in  the  writer's  opinion, 
Ae  economy,  as  shown  during  the  run  from  Cincinnati  to  Hamilton,  is 
excellent. 

The  capacity  of  the  boiler,  during  this  run,  in  steam  per  hour,  from 
and  at  212°  Fahr.,  was  10,686  pounds  of  steam  per  hour  or  nearly 
tea  pounds  actual  evaporation  per  square  foot  of  heating  surface.  It  is 
customary  to  estimate  the  capacity  of  a  tubular  boiler  with  natural 
draft,  at  fifteen  square  feet  of  heating  surface  per  horse-power  of  effect 
of  connected  slide-valve  engine,  but  in  this  run  3*243  square  feet  of . 
heating  surface  were  required  per  horse-power  of  connected  engine. 
The  slide-valves  of  the  engines  were  worked  by  links,  but  the  cut-off 
was  in  round  numbers  half  stroke,  and  the  difference  between  the 
capacity  with  natural  draft  and  as  developed  during  the  run,  is  due  to 
the  effect  of  blast.  The  engines  developed  unusual  economy,  as  will  be 
diown,  and  assuming  the  expense  of  steam  per  horse-power  per  hour 
B.t  forty-five  pounds,  then  the  heating  surface  per  horse-power  of  con- 
nected engines  becomes /ot^r  and  one-half  squ^ixe  feet,  and  the  rate  of 
eflfect  of  boiler  with  blast  to  eflfect  of  boiler  with  natural  draft  is 

^^  ^  ^^'^  =  3-32. 
3-243  X  45 

With  natural  draft,  the  expense  of  coal  per  hour  per  square  foot  of 
grate  would  have  been  about  twenty-five  pounds,  and  during  the  run 
the  rate  of  consumption  of  coal  referred  to  area  of  grate  was  eighty-four 
pounds ;  hence  ratio  of  effect  with  blast  to  effect  with  natural  draft 
becomes 

—  =  3-36. 
25 

The  run  from  Hamilton  to  Twin  Creek  occupied  faiiy-two  minutes, 
during  which  time  8618*36  pounds  of  water  were  pumped  into  the 
boiler  and  1814*96  pounds  of  coal  were  fired  on  the  grate.  Estimating 
primage,  as  before,  at  five  per  cent.,  the  saturated  steam  furnished  during 
this  run  was  8187*44  pounds.  The  evaporation  per  pound  of  coal  was 
4*5  pounds,  or  from  and  at  212°  Fahr.,  5*34  pounds;  but  the  capac- 
ity of  the  boiler  from  and  at  212°  Fahr.  was  at  the  rate  of  nearly 
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14,000  pounds  of  steam  per  hour,  or  13  pounds  of  steam  per  square 
foot  of  heating  surface  per  hour.  During  this  run  the  expense 
of  steam  per  hour  per  horse-power  of  connected  engines  (based  on  total 
.saturated  steam  furnished)  was  33*4  pounds,  and  heating  surface  per 

33*4 
horse  power  developed =  2*57  square  feet. 

Estimating,  as  before,  with  natural  draft,  yj/i5een-  square  feet  of  heat- 
ing surface  per  horse-power  of  effect  of  connected  engine,  and  forty-fioe 
pounds  as  the  expense  of  steam  per  hour  per  horse-power  developed  by 
engines,  then  the  ratio  of  effect  of  blast  to  effect  of  natural  draft  is 

^^  X^3-4  _  4.332 

2-57  X  45 
and,  as  before,  estimating  consumption  of  coal  per  square  foot  of  grafe 
per  hour  with  natural  draft  at  twenty-five  pounds,  then  the  ratio  of 
effect  of  blast  to  effect  of  natural  draft  is  with  a  consumption  of  172 
pounds  of  coal  per  square  foot  of  grate  per  hour  as  during  the  run : 

— ^  =  7  nearly. 
25  ^ 

In  the  run  from  Cincinnati  to  Hamilton  it  has  been  shown  that  the 
ratios  of  effect  of  blast  to  effect  of  natural  draft ;  by  heating  surface 
per  horse-power  of  connected  engines,  and  by  coal  burned  per  sq.  ft 
of  grate  per  hour,  were  approximately  the  same ;  whilst  in  the  mn 
from  Hamilton  to  Twin  Creek  the  ratio  by  coal  burned  is  nearly  sixty- 
five  per  cent,  in  excess  of  ratio  by  heating  surface.  Neglecting  the 
loss  of  heat  by  extra  radiation  during  the  run,  which  was  very  small, 
and  assuming  the  consunxption  of  fuel  per  sq.  ft,  of  grate  to  vaiy 
directly  as  the  blast,  and  the  blast  to  vary  directly  as  the  weight  of 
steam  exhausted  per  second,  then  the  consumption  of  coal  per  sq.  ft.  of 
grate  per  hour  for  second  run  becomes  120*75  pds.  and  the  ratio  of 
effect  of  blast  to  effect  of  natural  draught  as  measured  by  the  ooal 
burned  is 

110-86 


25 


=  4-434 


The  economy  of  performance  of  the  boiler,  or  the  evaporation  per 
pound  of  coal  charged  to  the  furnace,  was  very  low  during  the  run; 
but  the  economy  is  based  on  the  total  coal  charged,  with  no  allowance 
for  that  blown  unconsumod  out  of  the  chimney. 
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According  to  Mr.  Ix)ngridge,*  *'  the  rate  of  combustion  has  no  influ- 
ence on  the  economic  effect,"  and  this  is  probably  true,  if  the  evapora- 
tion is  referred  to  the  coal  actually  burned  to  carbonic  acid ;  but 
assuming  in  the  run  from  Hamilton  to  Twin  Creek  a  combustion 
equivalent  to  that  of  run  from  Cincinnati  to  Hamilton,  then  the  evap- 
oration from  and  at  212°  Fahr.  becomes  7'6  pds.  per  pound  of  coal 
as  compared  with  8*36  pds.  for  previous  run. 

The  run  from  Twin  Creek  to  Dayton  occupied  ^y  minutes,  during 
which  time  the  water  pumped  into  the  boiler  was  9650  pds.  and  coal 
fired  1474*7  pds.  Estimating  primage,  as  before,  at  five  per  eerU.,  the 
saturated  j^team  furnished  was  9167*5  pds.,  or  an  actual  evaporation  of 
6*216  pds.  per  pound  of  coal.  Equivalent  evaporation  from  and  at 
212°  Fahr.,  7*3  pds.  The  coal  burned  per  sq.  ft.  of  grate  per  hour 
was  117*27  pds.,  and  capacity  of  boiler  in  steam  per  hour  from  and  at 
212°  Fahr.,  12918  pds.,  or  actual  evaporation  per  sq.  ft.  of  heating 
surface  per  hour,  12*24. 

The  expense  of  steam  per  hour  per  horse-power  of  connected  engines 
during  the  run  was  33  pounds  (based  on  total  steam  furnished)  and 
heating  surface  per  horse-power  of  effect  of  engines, 

—^       =  2*614 
12*24 

Estimating  witl>  natural  draft  fifteen  sq.  ft.  of  heating  surface  per 
horse-power  of  effect  of  connected  engine,  and  forty-five  pounds  of 
water  per  hour  per  horse-power,  then  the  ratio  of  effect  of  blast  to 

effect  of  natural  draft  is      ^^^^^     =  4*08 

2*614X45 

Estimating  the  coal  burned  per  sq.  ft.  of  grate  with  natural  draft  at 
26  pds,,  then  ratio  of  effect  with  blast  to  effect  with  natural  draft,  with 
a  Consumption  of  117  pounds  of  coal  per  sq.  ft.  of  grate  per  hour 

in  =  4-68 
25 

Upon  the  assumption  that  the  coal  burned  per  sq.  ft.  of  grate  should 
be  directly  as  the  effect  of  blast  the  ratio  of  effect  by  blast  to  effect  by 
natural  draft  diuing  run  from  Twin  Creek  to  Hamiton  was 
101-02 


25 


=  4041 
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Jledting  surface  per  horse-power  and  raiio  of  effect  of  blast. 

Heating  surface    Ratio  of  effect  Ratio  of  effect 
per  H.  P.        of  blast  to  natural  of  blast  to  natand 
Run.                               8q.  ft.                draft  by  coal  draft  by  heat- 
burned,  ing  surface. 

Cincinnati  to  Hamilton,         3-243  3*36  3*32 

Hamilton  to  Twin  Creek,       2*57  4*434  4-332 

Twin  Creek  to  Dayton,  2-614  4-041  4-08 

Assuming  a  combustion  during  the  run  from  Twin  Creek  to  Dayton 
equivalent  to  that  from  Cincinnati  to  Hamilton,  the  evaporation  per 
pound  of  coal  from  and  at  212°  Fahr.  during  former  run  is 
7;3X117;3  _  3.^^^ 
101-02  ^^ 

And  the  evaporation  for  equivalent  combustion  for  the  several  run*> 
becomes 

Cincinnati  to  Hamilton,       .  .  .     8-36    pds. 

Hamilton  to  Twin  Creek,  .  .  7-60      '' 

Twin  Creek  to  Dayton,        .  .  .     8-476    " 

Upon  examination  of  the  following  table  of  boiler  performance,  it 
will  be  observed  that  the  rate  of  consumption  of  coal  per  hour  during 
the  second  run  was  172  pds.  per  sq.  ft.  of  grate.  Of  the  fifty-two 
locomotive  boilers,  the  performance  of  which  are  reported  by  Mr.  D. 
K.  Clark,  the  highest  rate  of  combustion  is  157  pds.  of  coke  per  sq, 
ft.  of  grate.  Of  the  172  pds.  of  coal  charged  per  foot  of  grate,  not 
less  than  twenty  per  cent,  must  have  been  blown  unconsumed  out  of 
the  stack.  For  the  conditions  of  load,  speed,  pressure  of  evaporation, 
steam  per  indicated  horse-power,  grades,  quality  of  coal  and  effect  of 
blast  were  quite  the  same  for  the  second  and  third  runs,  and  the  theo- 
retical  evaporation  during  the  third  run  was  superior  to  the  first  run. 
There  were  no  material  differences  between  the  data  for  the  second  and 
third  runs,  and  the  evaporation  should  have  been  approximately  the 
same.  But  the  evaporation  during  the  second  run  was  nearly  twenty- 
seven  per  cent,  below  that  of  the  third  run,  and  this  excessive  discrep- 
ancy can  only  be  accounted  for  by  assuming  that  a  large  proportion  of 
the  coal  charged  on  the  grate  left  the  furnace  unconsumed.  The  faci- 
lity with  which  a  locomotive  boiler  operating  under  a  strong  blast  can 
distribute  unburnt  coal  along  the  track  is  well  known,  but  it  is  doubt- 
ful if  the  percentage  of  coal  thus  disposed  of  is  equally  well  known. 
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Under  the  ordinary  conditions  of  locomotive  performance,  with  careful 
firing  and  regular  blast,  the  loss  of  coal  by  this  avenue  is,  in  the 
•writer's  opinion,  rarely  less  than  five  per  cent. 

Taking  the  run  from  Cincinnati  to  Dayton  as  a  whole,  the  average 
evaporation  per  square  foot  of  heating  surface  was  11*740  pounds  per 
hour.  According  to  Mr.  Harvey  "  the  evaporation  per  unit  of  recipient 
surface  decreases  in  geometrical  progression,  whilst  the  distances  from 
the  commencement  of  the  series  of  such  surfaces  increases  in  arithmet- 
ical progression,''  but  this  law  of  evaporation  only  holds  good  "  at 
points  where  the  radiation  of  heat  from  the  fuel  ceases  and  commimi- 
«ation  of  heat  by  conduction  begins,"  in  other  words  the  law  only 
applies  to  evaporation  by  the  tube  surfaces  alone,  and  has  no  bearing 
upon  the  evaporation  by  fire-box  surface.  From  the  experiments  of 
M.  Petiet  on  one  of  the  locomotives  of  the  Northern  Railway  of  France, 
where  the  fire-box  surfece  was  60*28  square  feet  and  the  tube  surface 
732*15  square  feet,  the  fire-box  surface  furnished  nearly  sixty  per  cent, 
of  the  total  evaporation.  The  manner,  however,  in  which  M.  Pfetiet's 
experiments  were  made,  precluded  the  possibility  of  good  circulation, 
«uch  as  obtains  in  a  locomotive  boiler  under  ordinary  working  condi- 
tions^ and  the  results  cannot  be  used  as  a  basis  of  estimate  for  the  evap- 
oration by  fire-box  and  the  tube  surface,  when  the  circulation  is  good. 
It  is  assumed,  however,  that  of  the  total  evaporation  asin  M.  P^tiet's  expe- 
riments, sixty  per  cent,  was  due  the  fire-box  surface,  and  that  the  evap- 
oration in  two  boilers  would  yajy  distinctly  as  the  relative  surface  in 
the  fire-boxes.     The  ratio  of  fire-box  lo  total  heating  surface  in  the 

French  experiments  was  —  =  'OTSS,  and  for  this  trial 


810*43  '  898-67 

=  *1044  and  — — — =  -832,  and  the  evaporation  per  square  foot 

of  fire  box  surface  becomes  — I =  93*53  pounds. 

93*85  ^ 

Upon  this  estimate,  each  sup.  foot  of  fire-box  surface  furnished 
nearly  one  hundred  pounds  evaporation  per  hour.  It  should  be  borne 
in  mind  that  the  feed  is  usually  introduced  cold  into  the  forward  end 
of  a  locomotive  boiler,  and  that  the  tube  surface  is  given  to  the  first 
heating  of  the  water,  and  it  is  probable  that  by  the  time  the  water,  by 
circulation,  reaches  the  fire-box  it  has  been  furnished  with  nearly,  if 
not  quite  all,  the  sensible  heat  due  steam  at  the  pressure  of  evaporation. 
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If  this  proposition  be  true,  then  each  pound  of  steam  made  by  the  fire- 
box surfaces  contained  866*21  thermal  units,  and  the  heat  transmitted 
per  sup.  foot  of  fire-box  surface  was 

866-21  X  93-53  =  81,016*62 
thermal  units. 

Mr.  Longridge,  in  an  elaborate  paper  read  before  the  Institution  of 
Civil  Engineers,  London,  on  the  evaporation  power  of  locomotive 
boilers,  quotes  from  experiments  by  M.  Paul  Havrez,  the  maximum 
rate  of  transmission  through  a  superficial  foot  of  fire-box  surface  with 
coal,  as  40,590  units  of  heat  per  hour ;  less  than  fifty  per  cent,  of  the 
rate  of  transmission  by  the  "  Baldwin  "  fire-box  after  crediting  the  tube 
surface  with  the  elevation  of  the  feed  water  from  the  temperature  at 
which  it  was  introduced  to  that  of  the  evaporation. 

This  rate  of  transmission,  however,  is  based  upon  an  assumption  that 
may  not  be  true,  and  as  against  i\\^  fire-box  furnishing  over  eighty  per 
cent,  of  the  total  evajjoratiou,  Mr.  Longridge  arrives  at  the  conclusion 
that  the  tiihe  surface  furnishes  nearly  eighty  per  cent,  of  the  evapora- 
tion. UiK)n  the  other  hand  M.  Petiet  finds  from  experiment  that  siaiy 
per  cent,  of  the  evaporation  is  due  the  fire-box  and  fotiy  pei^  cent,  due 
the  tubes,  and  in  his  experiments  the  relation  of  the  total  fire-box  sur- 
face to  the  total  heating  surface  was  as  1  to  13*3  nearly,  whilst  the  ratify 
of  the  fire-box  surfece  to  the  total  surface  with  the  "  Baldwin  "  boiler 
was  as  1  to  9*6  nearly.  The  writer  is  of  the  opinion  that  the  relative 
efficiency  of  fire-box  surface  is  directly  as  the  ratio  of  tubes  to  fire-box 
surface,  and  that  the  evaporation,  83*3  per  cent.,  credited  to  thefire-box 
in  the  "  Bald>vin ''  boiler  is  too  great.  From  experiments  by  the 
Count  De  Pambour  and  Mr.  E.  Woods  on  a  locomotive  boiler  with 
natural  draft,  it  was  found  that  "  the  fire-box  surface  did  twenty  times, 
the  duty  of  the  tube  surface,  but  by  varying  the  conditions  and  increas- 
ing the  draft  artificially  the  ratio  instead  of  being  1  to  20  became  1  to 
7  J."  Whether  this  is  a  comparison  of  the  work  of  the  fire-box  with 
the  tube  surface,  taken  as  a  whole,  or  for  equal  areas  of  surface  is  not 
stated  by  Mr.  Woods,  but  from  the  tenor  of  the  gentleman's  remarks 
it  is  inferred  that  the  former  comparison  is  made. 

There  are  certain  very  desirable  data  in  connection  writh  locomotive 
boiler  performance  that  were  not  obtained  during  these  trials :  the  tern- 
perature  of  fire  and  temperature  of  waste  gases  ;  velocity  of  flow  through 
the  flues ;  of  products  of  combustion,  air  introduced  per  i)Ound  of  com- 
bustible ;  and  composition  of  the  gases  in  the  stack. 
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Before  dismissing  the  performance  of  boiler,  the  writer  would  sug- 
gest that  trials  of  locomotive  boilers  of  different  kinds  are  now  in  pro- 
jection, during  which  trials  all  data  necessary  to  estimate  the  precise 
action  will  be  taken. 

Performance  of  the  Boiler. 
Oinemnati  to  Hamitton, 
July  28th,  1878. 
Duration  of  run. 
Mean  temperature  of  air, 

"  "  feed-water, 

"  "  evaporation, 

"      pressure  above  atmosphere. 
Water  pumped  into  the  boiler, 

"       primed,  estimated  5  i>er  cent.. 
Net  steam  furnished, 
Coal  burned, 

Steam  actually  furnished  per  pound  of  coal. 
Equivalent  evaporation  from  and  at  212°, 
Evaporation  per  sup.  ft.  of  heating  surface  per  hour 

actual. 
Evaporation  per  sup.  foot  of  grate  surface  per  hour. 
Coal  burned  per  sup.  foot  of  grate  surface  per  hour. 
Evaporation  from  and  at  212°  per  hour, 

Hamilton  to  Tmin  Oreeh 
Duration  of  run. 
Mean  temperature  of  air, 

"  "  feed-water, 

"  "  evaporation,     . 

"     pressure  above  atmosphere, 
Water  pumped  into  boiler, 

"      primed,  estimated  5  per  cent., 
Net  steam  furnished. 
Coal  burned. 

Steam  actually  furnished  per  pound  of  coal. 
Equivalent  evaporation  from  and  at  212°, 
Evaporation  per  sup.  ft.  of  heating  surface  per  hour, 
actual. 


1  hr.  26  min. 

, 

98-31 

78-535 

, 

350- 

pds. 

120-381 

u 

13508-36 

675-42 

(( 
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u 

1814-96 

a 

7-0706 

a 

8-360 
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a 

y 

593-316 

> 

83-9  J  3 

(( 
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42  min. 

88-45 

. 

77-05 

352-00 
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430-92 
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1814-96 

i( 

4-511 

ii 

5-344 
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Evaporation  per  siip.  foot  of  grate  surface  per  hour, 
Coal  burned  "  "  " 

Evaporation  from  and  at  212°  per  hour, 

Twin  Oreek  to  Dayton. 
Duration  of  run,        .  .  .  . 

Mean  temperature  of  air, 

"  "  feed-water, 

"  "  evaporation, 

"      pressure  above  atmosphere. 
Water  pumped  into  the  boiler, 

"      primed,  estimated  5  per  cent.. 
Net  steam  furnished. 
Coal  burned,  . 

Steam  actually  furnished  per  pound  of  coal, 
Equivalent  evaporation  from  and  at  212°, 
Evaporation  per  sup.  ft.  of  heating  surface  per  hour, 

actual,  . 

Evaporation  per  sup.  foot  of  grato  surface  per  hour. 
Coal  burned  "  "  " 

Evaporation  from  and  at  212°  per  hour,  . 

(To  be  continued.) 


pds. 


776-106 
171-822 
13855-92 

50  min. 
92-130 
86-326 
349-380 
119-610 
9650 
482-50 
9167-50 
1474-700 
6-216 
7-300 

12-241 
729-025 
117-272 
12918-37 


THE   BUTLER    MINE   FIRE  CUT-OFF. 
By  Henry  S.  Drinker,  E.  M.,  Philadelphia. 

(Read  at  the  Lake  George  Meeting  of  the  American  Institute  of  Mining  Engineers, 

Octiober,  1878.) 

The  Butler  Mine  property  is  situated  in  the  vicinity  of  Pittston,  in 

the  Wyoming  coal-field  of  Pennsylvania.     The  coal  has  been  worked 

out  from  the  fourteen-foot  or  Baltimore  vein  for  a  number  of  years  on 

part  of  the  tract,  the  old  chambers  remaining  open  as  when  originally 

abandoned.     This  vein  outcrops  on  the  Butler  proi)erty,  and  is  nowhere 

more  than  sixty  feet  below  the  surface  of  the  ground  on  the  line  of  the 

cut-off  to  be  described.     Above  the  fourteen-foot  vein  and  about,  say 

midway,  between  it  and  the  surface  of  the  ground,  there  is  another 

small  vein  or  rider  of  coal,  about  twelve  inches  in  thickness.    The  rock 

between  the  two  veins  is  a  corbonaceous  slate,  about  twenty-five  feet  in 
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thickness.  Above  the  smaller  vein  is  a  bed  of  sandstone,  varying  in 
thickness,  but  generally  not  less  than  from  eight  to  ten  feet.  This 
sandstone  is  also  carbonaceous,  but  the  proportion  of  carbon  is  much 
less  than  in  the  slate  below.  Both  rocks  have  been  analyzed,  and  before 
the  next  Institute  meeting  the  writer  hopes  to  be  able  to  furnish  the 
«xact  proportions.  The  sandstone  is  overlaid  with  debns  up  to  the  sur- 
face of  the  ground. 

Some  time  during  the  spring  of  1876  it  was  found  that  the  coal  left 
in  the  worked-out  mine  had  been  set  on  fire,  and  that  the  fire  was  grad- 
ually spreading.  Inquiry  developed  the  fact  that  the  fire  had  origin- 
ally been  started  by  a  woman,  who  had  taken  up  her  abode  in  an  old 
tunnel  leading  into  the  workings.  Owing  to  some  delay  in  the  early 
attempts  made  to  extinguish  the  fire,  it  finally  gained  such  headway 
that  no  ordiAary  means  were  found  to  be  effectual.  Finally,  Mr.  C.  F. 
Conrad,  civil  and  mining  engineer,  of  Pittston,  Penna.,  was  called  in 
as  consulting  engineer.  He  advised  the  making  of  a  thorough  cut  through 
such  portion  of  the  old  workings  as  had  not  been  reached  by  the  fire. 
It  was  found  by  survey  that  this  cut  could  be  limited  to  a  length 
of  about  one  thousand  two  hundred  feet,  as  the  vein  faulted  on  both 
sides,  and  that  the  greatest  depth  of  the  cut  would  be  about  sixty  feet. 
Sut)sequently  it  was  decided  to  tunnel  part  of  the  way,  thus  saving  the 
deepest  portion  of  the  cut. 

In  1856-7  there  occurred  a  fire  in  the  same  mine.  Two  stone  walls 
in  V  shape,  running  from  the  apex  of  the  V  towards  the  out-crop,  were 
built  to  cut  the  fire  off,  and  these  walls  were  carried  as  far  as  the  vein 
had  at  that  time  been  worked.  After  the  walls  were  finished  the  old 
workings  were  filled  in  on  both  sides  with  clay  and  sand,  making  the 
spaces  air-tight ;  this  helped  to  stay  the  fire ;  it,  however,  finally  broke 
through  to  the  surface  of  the  ground,  and  only  went  out  when  it  reached 
the  solid  coal. 

The  present  cut  passes  through  the  point  of  junction  of  the  old  V 
walls,  and  is,  therefore,  located  directly  through  the  dihns  and  ash  of 
the  old  fire.  This  location  for  the  cut-off  m  as  decided  on  by  Mr. 
Conrad,  after  a  careful  survey,  for  two  reasons.  1st.  In  the  hope  of 
finding  all  combustible  matter,  coal,  gob,  carbonaceous  slate,  etc.,  burnt 
to  ash  by  the  old  fire.  In  this  case  much  excavation  would  be  saved, 
as  the  ashes  of  an  extinct  fire  might  fairly  be  assumed  to  be  an  impass- 
able barrier  to  a  new  one,  and  2d.    In  the  hope  that  if  the  material 
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were  not  found  to  be  fully  calcined,  still  that  its  burnt  condition  would 
render  it  more  workable,  and  thus  more  easily  removed. 

After  removing  the  surface  material  the  walls  above  described  were 
found^  and  then  about  twentj^-five  feet  beyond  them  a  solid  pillar  of 
coal  in  place.  Where  this  oijcning  M^as  thus  first  made  to  the  old  fire, 
the  covering  over  the  vein  was  from  thirty  to  thirty-five  feet  thick^ 
about  three  to  five  feet  of  surface  soil  and  earth,  and  the  remainder 
yellow  slaly  sandstone  and  coal  slate,  the  slate  and  the  sandstone  being 
parted  by  the  rider  or  small  coal  vein  above  noted.  It  was  at  this  iK>int 
that  a  curious  fact  was  developed,  and  it  is  in  order  to  bring  it  to  the 
attention  of  the  Institute  that  the  writer  has  prepared  the  present  com- 
munication. On  investigation,  it  was  proved  that  the  old  fire  had  not 
penetrated  the  solid  coal  in  plcbce.  Where  it  met  a  pillar  in  the  work- 
ings, the  coal  was  simply  calcined  on  its  surface ;  but  in  *all  cases  <Ae 
overlying  slate  rock  loas  ealcined  throughout.  Nay  more,  for  the  14- 
foot  vein  on  the  Butler  pro|)erty  is  nearly  equally  divided  by  an  8-inoh 
parting  of  slate,  and  it^  was  found  that  this  slate  rock  (with  sound, 
bright  coal  on  lx)th  sides),  had  been  thoroughly  calcined.  Al>ove  the 
14-foot  vein  the  r(xjk  was  also  found  to  be  calcined  up  to  and  above 
the  12-inch  rider,  or  small  vein,  while  this  small  vein  of  solid  coal  wa4 
also  foimd  to  be  unburned  and  perfectly  sound  and  bright,  a>*  in  the 
case  of  the  larger  vein. 

Finally,  it  was  found  on  excavating  fui*ther,  that  when  the  old  fire 
had  reached  the  face  of  the  workings,  its  progress  had, been  arrested. 

From  this  experience  it  would  ap|)ear  to  l^e  established  that  coal  in 
HVta  cannot  l)e  burned  en  masse;  but  that  the  walls  of  carbonaceoas 
slaty  rock  inclosing  solid  coal  can  be  burned  or  calcined  in  situ,  Ou 
what  theory  this  fact  can  be  explained  may  be  an  interesting  matter 
for  discussion  to  some  members  of  the  Institute,  more  directly  con- 
nected than  the  writer  can  claim  to  be  with  problems  of  this  nature. 
At  the  February  meeting  (1879)  the  writer  expects  to  be  able  to  pre- 
sent samples  of  the  coal  and  rock  referred  to,  both  in  its  calcined  and 
in  its  natural  state,  and  by  that  time  he  hopes  also  to  have  the  analyses 
above  referred  to,  showing  the  proportion  of  carbon  in  the  slate  and 
sandstone.  It  should  also  be  stated  here,  that  even  the  sandstone  wa<^ 
found  to  be  burne  1,  though  not  so  thoroughly  as  the  slate. 

At  present  the  (juestion  to  the  company,  of  course,  is,  whether  the 
new  fire,  now  raging,  will  be  stopped  by  the  cut  or  not.  The  cut  was 
made  about  30  feet  wide,  and  is  carried  from  one  end  of  the  coal  to 
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the  other,  aiid  down  to  the  foot-wall  of  the  vein.  About  200  feet  of 
the  distance  has  been  tunnelled.  At  this  point  the  vein  has  been 
removed,  and  heavy  walls  built  on  either  side  of  the  tunnel.  Also 
the  adjacent  old  workings  towards  the  fire  have  been  filled  with  clay 
and  incombustible  dibris,  and  it  is  believed  by  the  engineer  in  charge 
that  this,  with  the  cut,  will  afford  an  effectual  stay  to  the  fire,  which 
is  expected  to  reach  the  line  of  the  cut  some  time  in  January  or  Feb- 
ruary, 1879.  When  the  present  fire  becomes  extinct,  it  will  be  an 
interesting  matter  to  note,  whether  in  the  old  workings  in  which  it  has 
been  raging,  the  pillar  coal  has  remained  unburned  as  in  the  old  fire* 
That  the  superimposed  slate  and  sandstone  is  being  calcined  is  evident^ 
for  the  craters  formed  over  the  sur£su)e  show  on  all  sides,  at  nighty 
glowing  masses  of  incandescent  rock,  extending  often  up  to  the  surface. 
The  writer  hopes  to  be  able  to  supplement  the  present  paper  by 
another,  at  some  subsequent  meeting,  giving  a  full  account  of  the  con- 
struction of  the  cut-off  and  of  its  result.  This,  of  course,  cannot  be 
done  until  the  fire  has  progressed  farther,  and  actually  reached  the  cut. 

Since  the  original  publication  of  Mr.  Drinker's  paper,  above,  in  the 
Transactions  of  the  American  Institute  of  Mining  Engineers,  the  fire 
described  has  been  gradually  nearing  the  cut,  and  at  some  jjoints  smoke 
has  been  observed  coming  into  the  side  of  the  cut  towards  the  fire.  It 
is  however,  still  too  soon  to  state  definitely  whether  the  cut  will  have 
its  desired  effect  in  arresting  the  fire  or  not,  or  whether  the  fire  may 
still  travel  across,  over  the  tunnel,  through  the  carbonaceous  slates 
overlying  it.  The  discussion  of  Mr.  Drinker's  paper  by  mining  engi- 
neers seems  to  have  established  the  general  opinion,  that  the  slates  ii» 
the  old  fire  were  not  actually  burned,  but  that  the  carbonaceous  matter 
in  them  was  rather  subjected  to  a  process  of  distillation.  It  is  said 
that  some  careful  tests  are  about  to  be  made  on  this  point,  by  subject- 
ing a  quantity  of  the  slate  to  a  high  heat  under  various  conditions, 
and  the  results,  together  with  some  further  notes  on  the  Butler  Mine^ 
will  be  submitted  to  the  Institute  of  Mining  Engineers,  at  their  next 
meeting,  in  May,  at  Pittsburgh. — Ed.  Journal.. 


Gennan  Petroleum. — Near  Heide,  in  Holstein,  a  flowing  i>etro- 
leum  well  has  been  bored  which  yields  an  oil  of  a  quality  similar  to  that 
of  the  American  wells. — Der  Techniker.  C. 
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Atmospheric  Impurities. — ^^It  is  estimated  that  England  yearly 
iises  114,043,940  tons  of  coal.  If  we  suppose  it  to  contain  only  one 
per  cent,  of  sulphur,  there  is  an  annual  infusion  of  3,500,000  tons  of 
sulphuric  acid  into  the  air,  which  the  inhabitants  are  obliged  to  breathe. 
— I)er  Techniker.  G. 

Education  in  France. — France  now  has  253  colleges  and  So 
lyceunis.  Towards  the  end  of  the  reign  of  Charles  X.  the  educational 
budget  amounted  to  but  1,825,000  francs,  while  the  expenses  of  the 
royal  family  were  32,000,000  francs.  Under  the  second  empire 
the  outlay  for  public  instruction  was  raised  to  3,000,000  francs. 
The  republican  administration  increasal  the  amount  to  38,000,000  in 
1876,  49,000,000  in  1877,  and  57,000,000  in  1878.  Of  the  last  appro- 
priation 30,000,000  francs  were  for  elementarv^  instruction. — D«* 
Teehnikei'.  ^  C. 

Encouragement  of  Art. — Tn  the  eighteenth  century  the  laws  of 
Prussia  required  that  ever}^  wealthy  Jew  who  married  should  buy  his 
porcelain  at  the  royal  manufactory  in  Berlin.  The  director  often  took 
the  money  and  made  his  OAvn  selection  of  pieces  to  be  given  in  exchange. 
Moses  Mendelssohn,  although  celebrated  as  a  philosophical  thinker  and 
writer,  was  obliged  to  submit  to  the  law,  and  he  received  forty  porce- 
lain apes,  of  life  size.  Some  of  them  are  still  preserved  in  the  Mendels- 
sohn family.  This  method  of  oppressing  conscience  for  the  develop- 
ment of  ceramic  art  Avas  established  during  the  reign  of  Frederic  the 
Great,  the  philosophical  King. — Arehives  Israelites,  C. 

Electrodynamic  Induction, — It  is  a  common  impregsion  among 
electricians  that  a  tel^raphic  conductor  can  be  withdrawn  from  the 
inductive  influence  of  neighboring  conductors  by  metallic  envelopes 
which  are  connected  with  the  ground,  but  H.  DeMauex  tried  some  experi- 
ments in  the  month  of  February,  1878,  preparatory  to  the  establish- 
ment of  the  telegraphic  service  of  the  French  Exposition,  which  led 
Jiim  to  the  discover}^  of  a  new  law.  In  electrostatic  action,  the  induc- 
tion may  be  prevented  by  the  proposed  method,  but  the  law  relative  to 
electrodynamic  induction  is  thus  stated:  In  a  closed  circuit  the  intensity 
of  the  current,  whicli  is  determined  by  the  induction  of  a  cylindrical 
<^>nductor  upon  another  of  the  same  form,  cannot  be  changed  even  by 
surrounding  one  or  both  of  those  conductors  by  a  concentric  metallic 
envelope  communicating  with  the  ground  through  its  entire  length. 
— Comptes  Rencbis.  C. 


Digitized  by 


Google 


Ajpnl,  1879.]  Telectroscope.  27T 

'  Dry  Coating  for  Baaexiieiit  Walls.— Take  fifty  pounds  pitcl^^ 

thirty  pounds  resin,  six  pounds  English  red,  and  twelve  jwunds  brick- 
dust.  Boil  these  ingredients  and  mix  them  thoroughly ;  then  add 
about  one-fourth  the  volume  of  oil  of  turpentine,  or  enough  to  flow 
easily,  so  that  a  thin  coating  may  be  laid  on  with  a  whitewash  or  paint 
brush.    Walls  thus  coated  are  proof  against  dampness. — Der  Techniker^ 

C. 
Influence  of  Color  on  Warmth  of  Soil.— By  an  extensive 
series  of  experiments,  E.  Wollny  shows  that  the  color  of  the  surface  has. 
an  important  influence  on  the  heating  of  the  ground  in  a  dry  condition, 
where  the  mineral  constituents  are  substantially  the  same,  and  the 
difference  in  the  quantity  of  hmnus  is  only  such  as  to  produce  a  differ- 
ence of  color,  without  changing  the  specific  heat  or  conductivity. — 
Dingler's  Journal.  C. 

Von  Oppolzer's  Planet. — The  tenth  orbital  confirmation  of 
Chase's  harmonic  astronomical  prediction,  represents  the  closest  plane- 
tary proximity  to  the  sun  of  which  any  indications  have  yet  been  found. 
There  are  six  interior  positions,  but  they  are  connected  with  planetary 
rotations.  Von  Oppolzer  finds  that  his  orbit  accords  very  well  with 
the  three  latest  observations,  which  are  the  most  important  because  the 
exact  time  of  observation  is  known.  It  also  satisfactorily  represents 
five  other  observations.  It  is  impossible  to  connect  it  with  either  of 
Watson's  two  planets.  Lescarbault's  observation  being  one  of  the  three 
latest,  this  appears  to  be  the  true  Vulcan,  and  other  names  must  be 
found  for  its  companions. — Comptes  liendus.  C 

Telectroscope. — M.  Senlecq,  of  Aries,  has  invented  an  apparatus^ 
for  the  telegraphic  reproduction  of  im^es  formed  in  the  camera  obscura. 
In  the  fiocus  of  the  camera  is  a  ground  glass  slide,  with  a  selenium  point 
in  the  electric  circuit.  As  the  point  moves  over  the  light  or  dark  por- 
tions of  the  glass  the  selenium  communicates,  with  great  sensitiveness^ 
the  vibrations  of  light.  The  receiver  is  a  soft  plumbago  or  crayon 
point,  attadied  to  a  very  thin  plate  of  soft  iron,  and  vibrating  before 
an  electro-magnet,  which  is  governed  by  the  irregular  cjurrent  from  the 
selenium.  When  the  selenium  passes  over  an  illuminated  portion,  the 
current  increases  in  intensity,  the  electro-magnet  checks  the  vibrations 
and  the  crayon  exerts  less  pressure  on  the  paper.  When  the  surface  h 
dark,  contrary  results  are  produced  and  a  well- shaded  copy  is  thus 
made. — Les  Mondea.  C. 
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Digestion  of  Albmninoids  in  Invertebrates.— Dr.  Leon 
Frederioq,  of  the  University  of  Ghent,  finds  that  the  digestive  mechan- 
ism is  the  same  in  all  animals.  The  transformation  of  food  is  always 
effected  by  the  mediation  of  substances  like  the  digestive  ferments  of 
the  vertebrates,  and  the  products  of  digestion  are  uniform. — La 
Mondes,  C. 

Chemical  Volcano  in  Nebraska. — On  the  shores  of  the  Mk- 
^uri,  in  Dixon  county,  about  36  miles  from  Sioux  City,  there  is  a  large 
bluff,  a  part  of  which  fell  into  the  river  about  two  years  ago.  When 
the  ear  is  applied  to  the  ground,  internal  rumblings  are  heard,  and  flames 
occasionally  appear,  especially  by  night,  steam  issues  from  crevices  and  the 
neighborhood  appears  quite  volcanic.  Prof.  Anghey,  of  Nebraska 
University,  has  lately  examined  the  region  and  concludes  that  the  phe- 
nomena are  the  results  of  local  chemical  action.  The  upper  surface  of 
the  bluff  is  carbonate  of  lime ;  under  this  is  a  stratum  of  potter^s  clay 
which  contains  iron  pyrites,  together  with  carbonate  of  magnesia  and 
alumina.  The  decomposition  of  the  iron  pyrites  liberates  sulphuric  add 
and  the  percolation  of  water  brings  it  into  contact  with  the  carbonates, 
thus  developing  great  amounts  of  heat,  steam  and  carbonic  acid. — 
Fortseh.  dei^  Zdt,  C. 

Modifications  of  Ampere's  Laws. — Max  Margules  has  com- 
municated to  the  Vienna  Academy  the  results  of  his  researches  upon 
"  The  Theory  and  Application  of  Electro-Magnetic  Rotation,"  which 
he  embodies  in  the  two  following  laws:  1.  If  the  pole  of  a  magnet 
rotates  in  the  neighborhood  of  an  unclosed  conductor,  about  an  axis 
which  is  within  the  magnet,  a  current  will  be  induced  within  the  con- 
ductor ;  but  if  a  rectilineal  conductor  is  turned  about  its  own  axis,  in 
the  neighborhood  of  a  magnetic  pole,  no  current  will  be  produced  in 
it.  2.  The  rotation  of  a  magnetic  pole  around  a  rectilineal  condoe- 
tor  induces  no  current,  but  the  rotation  of  the  conductor  about  the  pole 
produces  an  induced  current.  The  first  portion  of  the  first  law  is  a 
simple  inversion  of  Ampere^s  statement  of  the  law  of  electro-magnetie 
rotation;  it  has  also  been  demonstrated  by  F.  E.  Naumann,  and 
adopted  as  a  fundamental  law  of  the  phenomena  of  uni-polar  induc- 
tion. But  W.  Weber,  who  first  specially  investigated  the  phenomena 
to  which  Faraday  invited  attention,  disputes  the  sufficiency  of  Ampere's 
explanation  of  the  rotation  of  a  magnet  on  its  own  axis  when  it  is  tra- 
versed by  a  galvanic  current. — Ann,  der  Phys.  und  Chem.  C. 
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Kre-proof  Paper  for  valuable  documents  maybe  made  from  one  part 
vegetable  fibre,  two  parts  asbestos,  ■^o{2l  part  borax,  3^  of  a  part  alum. 
A  fire-proof  ink  for  the  same  may  be  made  from  850  grains  graphite, 
^0  grains  copal  varnish,  75  grains  copperas,  300  grains  tincture  of  galls 
iind  indigo-carmine. — Der  Techniker.  C. 


Franklin   Institute. 


Hall  op  the  Institute,  March  19th,  1879. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the 
President,  Mr.  William  P.  Tathara,  in  the  chair. 

The  President  announced  the  appointment  of  Dr.  Isaac  Norris  to 
fulfill  the  duties  of  Secretary  pro  tempore. 

There  were  present  172  members  and  35  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  last  meeting  1 3  persons  were  elected  members  of 
the  Institute,  and  the  resolution  of  the  Board  that  the  Elliot  Cresson 
Oold  Medal  is  hereby  awarded  to  Henry  Bowers,  of  Philadelphia,  in 
iiccordance  with  the  recommendation  of  the  Committee  on  Science  and 
the  Arts  (reported  to  the  Board  of  Managers  Oct.  9th,  1878),  for 
having  introduced  into  the  United  States  the  manufacture  of  "  Pure 
Inodorous  Glycerine.'^  He  also  reported  from  the  same  committee  the 
following  resolution,  passed  on  the  5th  instant : 

Resolved,  That  the  Elliot  Cresson  Gold  Medal  be  awarded  to  Norbert 
de  Landtsheer,  of  Paris,  France,  for  his  machine  for  treating  flax, 
hemp,  etc.,  and  that  the  asual  publication  be  made  by  the  Actuary  in 
the  JouKNAL  OP  THE  Franklin  INSTITUTE  of  the  proposed  award 
•of  said  medal. 

The  Actuary  also  reported  the  following  resolutions : 

Itesolved,  That  the  Board  of  Managers  have  learned  with  deep 
regret  of  the  death  of  Mr.  J.  B.  Knight,  late  Secretary  of  the  Frank- 
lin Institute ;  that  we  bear  te^imony  to  his  zeal,  faithfulnea?  and 
ability,  and  will  unite  in  paying  our  last  tribute  of  respect  by  attend- 
ing his  funeral  on  the  day  appointed. 

Resolved,  That  a  committee  of  three  be  appointed,  including  the 
President  of  the  Institute,  who  shall  be  chairman,  to  prepare  a  memo- 
rial of  Mr.  Knight,  to  be  recorded  on  our  minut^  and  to  be  presented 
to  the  Institute  as  an  expression  of  the  feelings  of  this  Board. 
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To  this  service  Mr.  Coleman  Sellers  aud  Mr.  Theodore  D.  Band 
were  appointed  with  the  President. 

The  following  memorial  was  then  read  by  the  Secretary  pro  tern, 

Jacob  Brown  Knight,  late  Secretary  of  the  Franklin  Institute, 
was  the  son  of  George  J.  Knight  and  Abi  Brown,  his  wife,  and  waft 
born  near  Brownsville,  Jefferson  County,  N.  Y.,  upon  the  2d  of  June, 
in  the  year  1833. 

His  ancestors,  Giles  and  Mary  Knight,  were  members  of  the  Society 
of  Friends,  and  came  to  America  with  William  Penn,  in  the  ship 
Welcome,  in  the  year  1682.  They  settled  in  Byl^erry,  Philadelphia 
County,  Pa.,  where  their  descendants  are  numerous. 

His  grandfather,  Israel  Knight,  in  1804,  Ixm^t  a  tract  of  land  at 
Black  River,  in  the  State  of  New^  York,  and  with  seven  of  his  neigh- 
bors visited  the  place,  but  concluded  to  let  liis  children  settle  there,  he 
himself  returning  to  the  old  homestead. 

Accordingly,  his  son  George  removed  to  Black  River,  with  his  family. 
The  subject  of  this  memoir  was  named  after  an  uiK»le  of  his  mother, 
Major-General  Brown,  a  distinguished  officer  of  the  war  of  1812. 

He  received  his  early  education  at  the  Watertown  Institute,  and  in 
his  youth  exhibited  a  taste  for  mechanical  pursuits.  He  afterwards 
received  a  practical  training  in  the  machine  works  of  Hoard  &  Sons, 
Watertown,  and  in  those  of  Merrick  &  Sons,  in  this  city. 

His  health  failing,  in  1855  he  went  to  the  South  and  was  engaged 
in  the  erection  of  sugar  and  cotton  machinery,  when  the  breaking  out 
of  the  rebellion  proved  disastrous  to  his  fortunes.  He  then  became  a 
consulting  engineer  in  the  city  of  New  Orleans,  and  was  an  officer  of 
a  society  of  engineers  established  there,  and  was  an  occasional  contrib- 
utor to  DeBow  s  Review. 

Mr.  Knight  was  elected  a  member  of  the  Franklin  Institute  Sep- 
tember 13,  1873,  and  evinced  his  interest  in  this  body  by  occasional 
gratuitous  services. 

In  April,  1874,  as  a  member,  he  volunteered  his  assistance  in  the 
preparations  for  the  Exhibition  to  take  place  in  the  ensuing  fall.  His 
offer  was  at  once  accepted,  and  all  of  his  spare  time  was  devoted  to  the 
work,  without  compensation.  In  this  position  his  assiduity,  good 
judgment,  zeal,  intelligence  and  good  address,  pointed  him  out  as  a 
suitable  person  for  the  position  of  General  Superintendent,  and  to  this 
position  he  was  appointed  by  the  Chairman  of  the  Committee  on  Exhi- 
bitions, upon  the  1st  of  July,  1874,  after  three  months  of  observation 
and  without  any  other  influence  urging  the  choice. 

The  event  fully  justified  the  appointment,  and  it  would  be  a  repeti- 
tion of  the  same  language  to  enumerate  the  qualities  he  exhibited  in 
his  new  position.  The  exercise  of  these  qualities  contributed  largely 
to  the  great  success  of  the  Exhibition. 

Afterwards,  he  was  appointed  by  the  President,  Secretary  pro  tern- 
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pore  of  the  Institute,  and  was  elected  to  that  office  at  the  annual  elec- 
tion in  January,  1875.  He  was  continued  in  the  office  by  successive 
re-elections,  and  exercised  the  functions  until  about  ten  days  before  his 
lamented  death,  which  occurred  upon  the  10th  of  March,  1879. 

Mr.  Knight  had  not  the  advantage  of  early  scientific  training.  He 
graduated  at  the  vise-bench  at  a  time  when  machine  tools  were  far  from 
perfect,  and  when  nearly  everything  depended  upon  the  skill  and  accu- 
racy of  the  workman.  He  acquired  most  of  his  knowledge  in  the  hard 
school  of  experience,  but  in  this  school  he  was  always  a  student  and 
learned  fresh  lessons  at  every  turn  of  fortune.  The  knowledge  he  thas 
acquired  was  both  various  and  extensive.  It  ^^^as  firmly  held  and 
always  available. 

He  had  a  just  judgment  of  his  own  powers,  Avhich  gave  him  courage 
to  attempt  and  accomplish  what  seemed  to  be  beyond  them ;  but  he  had 
no  false  pretensions,  and,  if  insufficiently  acquainted  with  a  subject,  he 
was  free  to  confess  it  and  to  ask  for  assistance,  which  the  magnetism  of  his 
character  and  his  continued  zeal  for  the  interests  of  the  Institute  dis- 
posed all  around  him  to  render. 

It  w:as  thus  as  Secretary  and  as  editor  of  the  Journal,  he  was  able 
to  avail  himself  of  the  ample  resources  in  talents  and  special  acquire- 
ments of  the  members  of  the  Institute  and  to  wield  them  for  its  benefit, 
and  to  accomplish  more  than  any  one,  unaided,  could  have  done. 

One  illustration  of  his  methods  may  be  recorded.  It  was  at  his  sug- 
gestion that  the  Committee  on  Dynamo-eleclric  Machines  Avas  raised 
last  year.  In  personal  composition  the  committee  contained  all  the 
ability  and  science  requisite  for  the  work,  which  involved  delicate 
measurements  of  power,  light,  heat  and  electricity  in  its  several  func- 
tions. The  work  was  patiently  pursued  and  successfully  accomplished, 
but  often,  after  the  day  s  work  of  the  committee  had  been  finished,  the 
Secretary  would  remain  behind  and  repeat  the  experiments  and  obser- 
vations for  his  own  instruction. 

At  the  time  of  his  death,  Mr.  Knight  Avas  Secretaiy  of  the  Franklin 
Institute,  Editor  of  the  Journal  of  the  Institute,  Representative  of 
the  Institute  in  the  Board  of  Trustees  of  the  Pennsylvania  Museum 
and  School  of  Industrial  Art,  Vice-President  of  the  Young  Engineers' 
Club,  and  Member  of  the  American  Philosophical  Socie^. 
*  He  was  stricken  down  in  th^  full  career  of  public  asefulness,  and  at 
a  time  when  he  had  every  prospect  of  future  distinction. 

The  Board  of  Managers  of  the  Franklin  Institute,  to  testify  their 
sorrow  for  the  loss  of  an  able  and  faithful  officer,  record  upon  their 
minutes  this  tribute  to  his  memory. 

Mr.  William  V.  McKean  moved  that  the  paper  just  read  be 
recorded  upon  the  minutes  of  the  Institute,  which  was  adopted. 

The  following  resolutions  from  the  Executive  Committee  of  the 
Pennsylvania  Museum  and  School  of  Industrial  Art  were  read  : 
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Resolved  by  the  Executive  Committee  of  the  Trustees  of  this  School, 
That  we  learn  with  deep  regret  of  the  sudden  death  of  Mr.  J.  B. 
Knight,  late  Representative  of  the  Franklin  Institute  in  this  corpora- 
tion. We  have  found  him  to  be  a  faithful  and  active  co-worker  in 
this  institution,  and  a  fitting  representative  of  the  oldest  Mechanic's 
Institute  in  America. 

Resohed,  That  a  copy  of  this  resolution  be  sent  to  the  President  of 
the  Franklin  Institute,  w^th  a  request  that  he  have  it  presented  at  the 
next  meeting  of  the  Institute,  as  an  evidence  of  our  respect  for  their 
late  Secretary. 

Mr.  John  J.  Weaver  moved  that  the  resolutions  read  from  the 
Pennsylviuiia  Museum  and  Sch<K)l  of  Industrial  Art  be  entered  on  our 
minutes,  which  was  adopted. 

The  Committee  on  Library  reported  the  following  donations : 

Map  of  the  United  States  and  Territories. 

Annual  Reports  of  the  Commissioner  of  the  General  Land  OfBce 
for  1877  and  1878.  From  the  Commissioner  of  General  Lands. 

Annual  Report  of  the  Supervising  Architect  to  the  Secretary  of  the 
Treasury  for  the  year  1878.  From  the  Supervising  Architect. 

Forty-sixth,  Forty-eighth  and  Forty-ninth  Annual  Reports  of  the 
Board  of  Commissioners  of  Public  Schools  of  Baltimore,  1874,  1876 
and  1877.  From  the  Board  of  Commissioners. 

Reports  of  the  Inspectors  of  Mines  of  the  Anthracite  Coal  R^ions 
of  Pennsylvania  for  1873—1877. 

,  From  the  Inspector  of  Mines,  IJarrisburg. 

Annual  Report  of  the  Commissioner  of  Agriculture  for  1877  and 
1878.     W^hington,  1878. 

From  the  Commissioner  of  Agriculture, 

Annual  Reports  of  the  Secretary  of  the  Navy  for  the  years  1872, 
1873,  1875,  1876  and  1878.  From  the  Secretary,  Washington. 

Catalogue  of  Brooklyn  Library.     Parts  1  and  2. 

From  the  Library,  Brooklyn,  N.  Y.  • 

First  to  Third  Annual  Reports  of  the  New  Jersey  State  Board  of 
Agriculture  for  1873—1875.  From  th,e  Board. 

First  to  Eighth  Annual  Reports  of  the  Department  of  Health  of 
the  City  of  Chicago.     1870—1877.  From  the  Department. 

Annual  Reports  of  the  Canal  Commissioners  of  the  State  of  New 
York  for  1874  and  1877. 

From  the  Department  of  Public  Works,  Albany,  N.  Y. 

Eighth  Report  of  the  Board  of  Trustees  of  the  Illinois  Industrial 
University  for  1876.  From  the  University. 
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Annual  Report  of  the  Secretan'^  of  the  Treasury  on  the  State  of  the 
Pinanoes  for  1878.  From  the  Secretary,  Washington. 

Monthly  Reports  of  the  Kansas  State  Board  of  Agriculture  for 
^February,  March,  November  and  December,  1877 ;  and  May — 
December,  1878. 

Reports  of  the  Kansas  State  Board  of  Agriculture  to  the  Legisla- 
lature  for  1873,  1875  and  1876.  From  the  Board. 

Annual  Report  of  the  Commiasary-General  of  Subsistence  to  the 
Secretary  of  War  for  1877. 

Official  Army  Register  for  January,  1878. 

From  the  Secretary  of  War,  Washington, 

Report  of  Meteorological  Council  to  the  Royal  Society  for  Ten 
Months  ending  31st  March,  1878. 

From  the  Meteorological  Committee  of  the  Royal  Society. 

Peabody  Institute  of  Baltimore.     Eleventh  Annual  Report.     1878. 

From  the  Institute. 

Twenty-sixth  Annual  Report  of  Boston  Public  Library.     1878. 

From  the  Library. 

Annual  Report  of  the  Commissioners  of  Fairmount  Park,  Phila- 
delphia, for  1878.  From  the  Commissioners. 

Annual  Report  of  the  Commissioner  of  Internal  Revenue  for  the 
year  1878.  From  the  Secretary  of  the  Treasury,  Washington. 

Charter  and  By-Laws  of  the  Maryland  Institute  for  the  Promotion 
of  the  Mechanic  Arts,  and  Report  of  the  Twenty-eighth  Exhibition. 
1878.  From  the  Institute. 

Twenty-third  Annual  Report  of  the  Board  of  Education  of  the  City 
of  Chicago  for  1877     From  the  Department  of  Public  Instruction. 

Legislative  History  of  Subsistence  Department  of  the  United  States 
Army  for  177'5— 1876.     By  J.  W.  Barriger. 

From  Secretary  of  War,  Washington. 

Annual  Report  of  the  Secretary  of  Internal  Affairs  of  Pennsyl- 
vania for  1878.     2  parts  in  1  vol.     From  J.  S.  Africa,  Harrisburg. 

Annual  Report  of  the  Light-house  Board  to  the  Secretary  of  the 
Treasury  for  1878.  From  the  Board,  Washuigton. 

Digest  of  Opinions  of  the  Judge-Advocate-General  of  the  Army. 
Edited  by  Major  W.  Winthrop.     3d  edition. 

From  the  Secretary  of  War. 

New  and  Original  Theories  of  the  Great  Physical  Forces.  By 
Henry  Raymond  Rogers.     Dunkirk,  N.  Y.     1878. 

From  the  Author. 
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Ordnance  Memoranda.     No.  21.     Ammunition,  etc.,  etc.     1878. 
From  the  Chief  of  Ordnance,  Washington. 

Classification  of  the  Collection  to  illustrate  the  Animal  Resources  of 
the  United  States.     By  G.  Brown  Goode.     1876. 

Bulletin  of  the  United  States  National  Museum.  No.  3.  By  J^ 
H.  Kidder.     1876. 

Report  of  United  States  Geological  Survey  of  Territories.     F.  V- 
Hayden.     Vol.  1,  Fossil  Vertebrates,  and  Vol.  5,  Zoology. 
From  the  Secretary  of  the  Interior,  through  Hon.  Charles  O'Neil^ 
House  of  Representatives,  Washington. 

Specifications  and  Drawings  of  Patents  issued  from  the  United  States^ 
Patent  Office  for  September,  1878. 

From  the  Commissioner  of  Patents,  Washington. 

Smithsonian  Miscellaneous  Collections.     Vols.  13 — 15. 

Annual  Reports  of  the  Board  of  Regents  of  the  Smithsonian  Insti- 
tution for  1877.  From  the  Institution,  Washington. 

First  to  Eighth  Reports  of  the  Directors  of  City  Trusts.  1870— 
1877.  From  the  Directors,  Philadelphia. 

Second  Geological  Survey  of  Pennsylvania.  Reports  upon  Lehigh 
district ;  Azoic  rocks,  part  1 ;  Fossil  ore,  Juniata  Valley ;  Bradford^ 
Tioga  and  Indiana  Counties ;  and  Museum  Catalogue  (D,  D ;  E ;  F ; 
G;4H;0).     1878. 

From  the  Board  of  Commissioners,  Harrisburg. 

Twenty-seventh,  Twenty-ninth,  Fifty-eighth,  Sixtieth,  Eighty-ninth 
— Ninety-first  Annual  Reports  of  the  Regents  of  the  University  of 
New  York.  From  the  University,  Albany. 

Report  of  the  Thirteenth  Industrial  Exhibition  under  the  Auspices 
of  the  Mechanics'  Institute  of  San  Francisco,  Cal. 

From  the  Institute. 

Report  of  the  Thirteenth  Exhibition  of  the  Massachusetts  Chari- 
table Mechanic  Association  in  Boston.     1878. 

From  the  Association. 

Chemical  Examinations  of  Sewer  Air.  By  Prof.  Wm.  Ripley 
Nichols.     Boston,  1879.  From  the  Author. 

The  Design  generally  of  bridges  of  very  large  span  for  railroad 
traffic.  A  paper  by  T.  C.  Clarke,  of  Philadelphia,  before  the 
Institution  of  Civil  Engineers,  London.    1878.     From  the  Author. 

Moorehead  Clay  Works'  Illustrated  Catalogue  of  Terra  Cotta  Ware. 

From  the  Works. 
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American  Institute  of  Architects.     Proceedings  of  Third,  Fifth  to 
Tenth  Annual  Conventions.  From  the  Institute,  New  York. 

Fire-proof  Floors  Compared.     By  G.  B.  Post. 

Remarks  on  Fire-proof  Construction.     By  C.  B.  Wright. 

From  American  Institute  of  Architects,  New  York. 

Report  of  the  Council  of  Education  upon  the  Condition  of  the 
Public  Schools  of  New  South  Wales  for  1877.    Sydney,  1878. 

Journal  and  Proceedings  of  the  Royal  Society  of  New  South  Wales. 
1877.     Vol.  11.     Sydney,  1878. 

Remarks  on  the  Sedimentary  Formations  of  New  South  Wales.   By 
Rev.  W.  B.  Clarke.     4th  edition.     Sydney,  1878. 

Annual  Report  of  the  Department  of  Mines  of  New  South  Wales 
for  1877.     Sydney,  1878. 

Report  upon  the  Construction  and  Working  of  Railways  of  New 
South  Wales  during  1876.     By  John  Rae.     Sydney,  1877. 

From  the  Royal  Society  of  New  South  Wales. 

Catalogue  of  Motala  Iron  and  Steel  Works,  Sweden.     Philadelphia, 
1876. 

Historical  Notice  of  the   Dutch   Societ\'  of  Sciences   at   Harlem. 
1876. 

Construction  and  Ameublement  de  Batiments  d'ecole.    Royaume  de 
Belgique.     Huy,  1876. 

Hawaiian  Almanac  and  Annual  for  1876.     By  Thomas  G.  Thrum. 
Honolulu. 

Noticia,  etc.,  da  exposi9to  do  Parana.     1875. 

Elementary   and    Middle-Class    Instruction    in   the   Netherlands. 
Leyden,  1876. 

Official  Record ;   containing  Introduction,  Catalogues,  etc.,  of  the 
Colony  of  Victoria  at  the  Philadelphia  Exhibition,  1876.    Melbourne, 
•  1876.* 

Denmark  at  the  Centennial,  1876. 

Collection  of  Russian  Domestic  Manual  Labour.     St.  Petersburg, 
1876. 

Catalogue  of  Collections  from  the   India    Museum    exhibited  in 
Indian  Department  of  Philadelphia  Centennial  Exhibition,  1876. 

Agricultural  Instructions  for  Brazil. 

Exposipao  des  trabalhos  historicos  geographicos,  etc.,  etc.,  exhibida 
na  exposi9ao  nacional  de  1875.     Rio  de  Janeiro,  1876. 
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Estudas  sobre  a  quarta  expo8i9a()  naeional  de  1875.  Por  J.  de 
Saldanha  de  Gama.     1876.  - 

Artisans'  School.     Rotterdam,  1869. 

Report  regarding  SwLss  Unions  of  Young  Merchants.     1876. 

Siamese  Exhibits  to  Centennial  Exhibition  of  1876. 

Catalogue  of  the  Statuary  and  Paintings  sent  bv  Milan's  Exhibitioiii 
of  Fine  Arte.     1876. 

Catalogue  of  Forest  Trees  of  the  United  States. 

Index  to  and  Catalogue  of  Ordnance  Collection. 

Catalogue  of  Charities  conducted  by  Women.     1876. 

Catalogo  degli  espositori  Italiaui.     Fireuze,  1876. 

Argentine  Republic.     By  R.  Napp.     1876. 

Sketch  of  Public  Works  in  Netherland.     By  L.  C  Van  Kerkwyk. 

Harlem,  1876. 

Subsidios  para  a  organisa9ao  da  Carta  physica  do  Brazil. 

Catalogue  of  Articles  and  Objecte  exhibited  by  the  Navy  Depart- 
ment in  the  United  States  Government  Building,  Fairmount  Park. 
Philadelphia,  1876. 

History  of  Mexican  Railway.     By  Baz  and  Gallo.     1876. 

From  Edward  Shippen,  Philadelphia.. 

Reporte  of  Secretar}-  of  War,  1866 — 1876. 

From  the  Secretary,  Washington^ 

Prof.  George  A.  Konig,  of  the  University  of  Pennsylvania,  then 
made  some  very  interesting  remarks  upon  a  new  branch  of  science 
connected  with  Chemical  Analysis,  for  which  he  has  proposed  the  name 
of  Chromometry.  Dr.  K5nig  prepares  beads  of  borax  of  a  known 
weight,  into  which  are  fused  a  certain  amount  of  the  substance  to  be 
examined,  and,  after  a  careful  preparation  of  them,  the  intensity  of 
color  is  measured  by  means  of  a  prism  having  a  color  complimentary 
to  the  bead  under  examination.  The  instrument,  mlled  the  Chromome- 
ter,  is  an  ingenious  device  of  Dr.  Konig,  and  is  skillfully  and  beauti- 
fully made  by  Mr.  Zentmayer,  of  this  city. 

The  Secretary's  report  embraced  Mr.  L,  T.  Young's  Microphone,  a 
very  ingenious  and  novel  arrangement  of  tliLs  instrument.  The  form 
is  that  of  a  small  box,  with  the  usual  telephonic  moutli-piece  on  the 
top.  Attached  to  the  under  surface  of  the  diaphragm  is  cemented  a 
small  piece  of  rubber  holding  a  carlx^n  cup.      A  similar  cup  is  placed 
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on  the  inside  of  the  brass  ring  employed  for  holding  the  ferrotype- 
plate  diaphragm  in  its  place.  Each  of  the  cups  are  connected  with 
binding  screws  at  the  side.  The  rod  of  carbon  rests  lightly  on  the 
cups,  and  Ls  covered  with  rubber ;  a  small  watch*^pring  bearing  upon 
it  near  the  middle.  The  spring  is  adjustable  by  means  of  a  screw. 
This  arrangement,  it  is  claimed,  does  away  entirely  with  the  grating 
sound  usual  in  other  forms  of  microphones.  The  iastrument  is 
arranged  so  as  to  be  placed  against  a  wall  or  other  support,  the  carbon 
rod  being  then  in  a  vertical  position. 

Mershon's  Patent  Grate  consists  of  a  series  of  rotary  bars  having 
studs  projecting  from  the  side?.  The  one  in  the  centre  being  capable 
of  being  lowered  by  a  chain.  The  arrangement  is  such  that  air  can 
pass  in  freely  to  every  part  of  the  fire,  and  the  necessary  motion  Ls 
given  by  a  lever.  In  practical  operation  it  is  found  very  satisfactory, 
and  considerable  saving  of  labor  is  effected  by  their  use. 

Blodgett's  Improved  Thermostat  is  intended  to  give  an  alarm  of  tire 
upon  the  slightest  increase  of  temperature,  operating  upon  the  well- 
known  principle  of  the  unequal  expansion  of  metals,  (brass  and  steel 
firmly  riveted  together  being  used),  closing  a  circuit  wth  a  battery  and 
electric  bell.  They  can  be  used  in  place  of  the  ordinary  push  button 
by  having  a  cord  attached  to  the  instrument. 

Fleischman's  Battery  for  Medical  Use  is  very  compact,  and  allows 
of  using  from  one  to  twenty  cells  by  the  movement  of  a  pin  to  its 
proper  socket.  The  lid  of  the  box  is  employed  for  holding  a  supply 
of  electrodes,  etc.,  and  an  ingenious  arrangement  raises  and  lowers  the 
cells. 

The  Secretary  then  read  a  few  notes  he  had  made  on  the  trial  of  the 
Testing  Machine  at  the  Watertown  Arsenal,  a  link  of  hard  wrought-iron 
being  broken  at  a  strain  of  722,800  pounds.  Sir.  Joseph  Whitworth's 
new  measuring  instrument  was  commented  on  for  its  minute  divisions 
and  mechanical  accuracy.  The  new  Knipp  gmi,  the  largest  of  steel 
ever  made,  weighing  72  tons,  and  having  a  calibre  of  15f  inches  and 
a  length  of  32  feet  7  inches,  the  bore  being  28^  feet.  The  gun  is 
composed  of  steej  throughout,  and  loads  from  the  breech.  Owing  to 
the  great  length  of  the  tube,  it  was  made  in  two  portions,  carefully 
secured,  while  jackets  or  cylinders  further  strengthen  the  gun.  Tlie 
closing  of  the  cylinder  is  done  by  a  sliding  wedge,  and  it  is  im]x>Hsible 
to  fire  it  until  it  is  effectually  closed.  The  charge  will  be  385  pounds 
of  prismatic  pnwder,  and  the  chilled-iron  shell  used  is  to  weigh  1660 
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pounds.  Some  remarks  were  then  made  on  the  cost  of  the  great  East 
River  bridge  in  its  unfinished  state,  and  it  was  shown  that  the  amount 
expended  of  over  ten  piillions  of  dollars  was  greater  than  that  of  the 
Britannia  and  Victoria  bridges  combined. 

Rapid  transit  crossings  wei^e  next  taken  up,  and  the  system  known 
as  the  "interlocking"  one  explained,  where  the  signals  and  the  switches 
are  all  moved  by  levers  placed  in  a  solid  frame  in  a  commanding 
position.  Each  lever  is  connected  with  its  respective  switch  or  signal 
by  rods  and  cranks,  and  yet  the  levers  are  so  connected  with  each 
other  that  the  movement  of  any  one  locks  every  other  in  the  series. 
At  the  Moorgate  street  station,  London,  where  768  trains  pass  daily, 
this  is  done  every  45  seconds  in  the  nineteen  hours  the  tracks  are  used. 
It  was  stated  that  15  of  these  interlocking  machines  are  now  in  opera- 
tion in  this  country,  and  no  danger  need  be  experienced  at  crossings, 
even  of  elevated  railroads,  with  their  use. 

The  Secretary  closed  his  remarks  with  a  few  data  regarding  the  limit 
of  human  endurance,  and  showed  that,  taking  Professor  Trowbridge's 
calculation  as  the  correc»t  one,  that  a  man  with  an  average  step  lifts  his 
own  weight  a  foot  from  the  ground  in  every  23  {^t,  he  would  expend 
an  amount  of  force  equal  to  a  foot-ton  every  368  to  400  feet  traveled. 
Kn(^)wing  the  weight,  the  length  of,  his  pace  and  the  height,  we  can 
determine  how  many  to^i  he  would  have  to  walk  to  perform  a  work 
equal  to  (me  foot-ton.  This  exertion  Trowbridge  estimates  as  equal  to 
lifting  from  thirteen  to  fifteen  tons  one  foot  high.  In  walking  500 
miles,  therefore,  at  the  lower  estimate,  it  would  amount  to  6,500  tons, 
as  was  recently  done  in  New  York  by  an  Englishman  in  six  days 
time  less  38 1  hours,  when  he  was  not  walking. 

Mr.  Coleman  Sellers  moved  that  the  Secretary  jwo  tempore  represent 
the  Franklin  Institute  a.<  its  Trustee  in  the  Pennsylvania  Museum  and 
School  of  Industrial  Art  for  the  time  of  his  appointment,  which  was 
curried. 

Mr.  Coleman  Si»llers  also  announced  that  the  collection  belonging  to 
tlie  American  Institute  of  Mining  Engineers,  now  exhibited  in  Memo- 
rial Hall,  will  be  formally  transferred  to  the  Pennsylvania  Museum  and 
School  of  Industrial  Art  on  Wednesday  next,  March  26th.  The  value 
of  this  collection  is  very  great,  and,  in  all  probability,  it  could  not  he 
duplicated  for  one  hundred  thousand  dollars. 

On  motion,  the  meeting  adjourned. 

Isaac  Norrih,  M.I).,  Secretary  p^o  tern. 
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PRACTICAL  SCIENTIFIC  BOOKS. 


ELECTRIC  LIGHTING:  Its  State 
and  Progress,  and  its  probable  In- 
fluence upon  the  Qaa  Interests. 
By  John  T.  Sprague.  8vo,  paper, 
40  cents. 

HEAT.—A  Practical  Treatise  on 
Heat,  as  applied  to  the  Useful 
Arts,  for  the  use  of  Engineers, 
Architects,  etc.  By  Thomas  Box. 
Second  Editioti.  Plates.  8vo, 
cloth,  $5.00. 

COAL. — A  Practical  Treatise  on  Coal 
Mining.  By  George  G.  Andr6,  F. 
G.S.  Complete  in  two  volumes, 
royal  4to,  cloth,  containing  550 
pages  of  letter-^ress  and  84  plates  of 
practical  drawings.    Price,  $28.00. 

HfllNING  MACHINERY.— A  De- 
scriptive Treatise  on  the  Machin- 
ery, Tools,  and  other  Appliances 
used  in  Mining.  By  G.  G.  Andr6, 
P. G.S.  In  twelve  Monthly/  Parts, 
royal  4<o,  uniform  with  the  Avr 
thorns  Treatise  on  Coal  Mininq, 
and  when  complete  will  contain 
about  150  Plates  accurately  drawn 
to  scale,  with  descriptive  text. 
Each  part,  price,  $2.00. 

SANITARY  ENGINEERING:  A 
Series  of  Lectures  given  before  the 
School  of  Militarj'^  Engineering,  at 
Chatham,  1876.  By  J.  Bailey  Den- 
ton, F.G.S.  In  Divisions:  1,  Air; 
2,  Water;  3,  The  Dwelling;  4,  The 
Town  and  the  Village;  5,  Disposal 
of  Sewage.  In  one  thick  volume  of 
^SQpa^jes,  royalSvo^  cloth,  contain- 
ing  28  plates,  135  engravings,  and 
many  valuable  tables,  $10.00. 

STEAM  ENGINE.— A  Practical 
Treatise  on  the  Steam  Engine,  con- 
taining Plans  and  Arrangements 
of  Details  for  fixed  Steam  Engines, 
with  Essays  on  the  Principles  in- 
volved in  "Design  and  Construc- 
tion. By  Arthur  Rigg.  Two  hun- 
dred diagrams,  drawn  on  a  scale 
sufficiently  large  to  be  readily  Intel- 
ligible,  embellish  the  text;  and 
ninety-six  lithographed  plates,  con- 
taining some  hundreds  of  illustra- 
tions, give  a  series  of  examjyles 
which  embody  most  that  is  neiv  and 
adm,irable  in  the  practice  of  m.od- 
ern  Engineers.  In  one  volume, 
demy  4to,  handsomely  bound  in 
half-moroceo,  $17.00.  Also  in 
Twelve  Parts,  price  $1.2o  each. 


GAS  MANUFACTURE.— A  Practi- 
cal Treatise  on  the  Manufacture 
and  Distribution  of  Coal  Gas.  By 
Wm.  Richards.  Numerous  wood 
engravings  and  largeplates.  Demy 
Ato,  cloth,  $12.00. 

THE  STEAM  ENGINE.— Consider- 
ed as  a  Heat  Engine :  a  Treatise  on 
the  Theory  of  the  Steam  Engine. 
By  Jas.  H.  Cottrell,  M.  A.  Illus- 
trated by  Diagrams,  Tables,  and 
Examples  from  Practice.  8vo, 
cloth,  $5.00. 

WORKSHOP  RECEIPTS,  for  the 
Use  of  Manufacturers,  Mechanics, 
and  Scientific  Amateura.  By  Er- 
nest Spon.  Crown  8vo,  cloth ,  with 
illustrations,  $2.00. 

WARMING  AND  VENTILATING. 
— A  Practical  Treatise  on  Warm- 
ing Buildings  by  Hot  Water, 
Steam  and  Hot  Air,  and  on  Venti- 
tion.  By  Clias.  Hood,  F.R.S. 
Fifth  edition,  enlarged  and  im- 
proved.   8vo,  cloth,  $4.25. 

ORNAMENTAL  PENMAN'S,  En- 
graver^s.  Sign  Writer^s,  and  Stone 
Cutter^s  Pocket-Book  of  Alpha- 
bets. —  Including  Church  Text 
Egyptian,  Egyptian  Perspective, 
French,  French  Antique,  French 
Renaissance,  German  Text,  Italic, 
Italic  Shaded,  Italic  Hairline, 
Monograms,  Old  English,  Old 
Roman,  Open  Roman,  Open 
Stone,  Ornamental,  Roman, 
Latin,  Rustic,  Tuscan,  etc.  Ob- 
long 32mo,  20  cents. 

GIRDER-MAKING  and  the  Practice 
of  Bridge  Building  in  Wrought 
Iron.  By  E.  Hutchinson,  M.I.M. 
E.    Hvo.     Nearly  ready. 

CONCRETE.— A  Practical  Treatise 
on  Natural  and  Artificial  Con- 
crete; its  varieties  and  construc- 
tive adaptations.  By  Henry  Reid, 
C.E.,  author  of  the  '*  Manufacture 
of  Portland  Cement."  8vo,  cloth. 
New  edition.    Nearly  ready. 

POCKET-BOOK  FOR  CHEMISTS, 
Chemical  Manufacturers,  Metal- 
lurgists, Dyers,  Distillers,  Brew- 
ers, Sugar  Refiners,  Photogra- 
phers, Students,  etc.  By  Thos. 
Bayley.  In  convenient  form  for 
easy  reference,  5  in.  by  3  in.,  and 
1  in.  thick,  containing  421  pages, 
bound  in  roan,  $2.00. 
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WM.  SELLERS  &  CO. 


Mmmiiion  street, 

PHILADEI^HI  A . 


Engineers  and  Machinists. 


jVIANUFACTURERg  Of 


Of  Improved  and  Patented  Designs, 

Convenient,  C^nicli,  and 

fZeonomieal  in  Operation* 

BMiWAY  TUflN  TABiES, 

PIVOT    BRIDGES,   ETC. 


SHAFTINQ  AND  MILL  QEARIN8. 


improved  Injector  Boiler  Feeders, 

OPERATED  BY  A  SINGLE  MOTION  OF  A  LEVER. 


Specifications,  Photographs  and  Pamphlets  sent 
to  dny  address  on  application. 
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THE  BOYDEN   PREMIUM. 


URIAH  A.  BOYDEN,  ESQ.,  of  Boston,  Mass.,  las  deposited  with  the  Franklin 
lastitate  the  snin  of  one  thousand  dollars,  to  be  awarded  as  a  preminm  to 


"4117  resident  of  North  America  who  iHuXL  deUrmine  Ij  experiment 

▼hetlier  all  raTS  of  light,  and  other  phjiieal  raTS,  are  or  are 

not  transmitted  witfc  the  same  Telocity." 

The  following  conditions  have  been  established  for  the  award  of  thi» 
preminm : 

1.  An  J  resident  of  North  America,  or  of  the  West  India  Islands,  maj  be  a 
competitor  for  the  premium ;  the  southern  boundary  of  Alexico  being  eonsid* 
ered  as  the  southern  limit  of  North  America. 

2.  Each  competitor  must  transmit  to  the  Secretary  of  the  Franklin  Institute 
a  memoir,  describing  in  detail  the  apparatus,  the  mode  of  experimenting,  and 
the  results ;  and  all  memoirs  received  by  him  before  the  first  day  of  January 
one  thousand' eight  hundred  and  eighty,  will,  as  soon  as  possible  after  this  date,, 
be  transmitted  to  the  Committee  of  Judges. 

3.  The  Board  of  Managers  of  the  Franklin  Institute  shall,  before  the  first 
day  of  January,  one  thousand  eight  hundred  and  eighty-one  select  three 
citisens  of  the  United  States,  of  competent  scientific  ability,  to  wnom  th» 
memoir  shall  be  referred ;  and  the  said  Judges  shall  examine  the  memoirs  and 
report  to  the  Franklin  Institute  whether,  in  their  opinion,  and,  if  so,  which  of 
their  memoirs  is  worthy  of  the  premium.  And,  on  their  report,  the  Franklin 
Institute  shall  decide  whether  the  premium  shall  be  awarded  as  recominecded 
by  the  Judges. 

4.  Every  memoir  shall  be  anonymous,  but  shall  coniam  some  motto  or  aiga 
by  which  it  can  be  recognized  and  designated,  and  shall  be  accompanied  by  a 
sealed  envelope,  endorsed  on  the  outside  with  same  motto  or  sign,  and  con- 
taining the  name  and  address  of  the  author  of  the  memoir.  It  shall  be  the 
duty  of  the  Secretary  of  the  Franklin  Institute  to  keep  these  envelopes  securely 
and  unopened  until  the  Judges  shall  have  finished  their  examination ;  when, 
should  the  Judges  be  of  opinion  that  any  one  of  the  memoirs  is  worthy  of  the 
premium,  the  corresponding  envelope  shall  be  opened,  and  the  name  of  the 
author  communicated  to  the  Institute. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments  described 
in  any  of  the  memoirs  to  be  repeated  in  their  presence. 

G.  The  memoirs  presented  for  the  premium  shall  become  the  property  of  the 
Franklin  Institute,  and  shall  be  nublished  as  it  may  direct 
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JE88UP  &  MOORE, 

FAFEB  MANUEAGTUREBS 

No.  27  NOBTH  SIXTH  ST.,  PHILADELPHIA, 

▲VD 

128  WILLIAM  ST.,  HEW  YOBK. 
Have  on  hand  and  make  to  order  at  short  notice,  News  and  Book  Printiiig 
Paper,  all  qualities  and  sizes.    Codorus  Mill  Writing  Papers,  Manilla  Papers. 
Impoiters  of  Chemicals  and  Feltings.    Dealers  in  Paper  Makers'  Material,  of 
^very  description.    Cash  Market  Prices  paid  for  all  kinds  of  Paper  Stock. 
P«b.*rMyr. 

JACOB  NAYLOR, 

Successor  to  HUNSWORTH  k  NAYLOR, 

GIRARD  AVE.   AND   FRONT  STREET 
PHILADELPHIA. 


STEAM  ENQINES,  BOILERS  AND  TANKS, 

Shafting  and  Glaring,  Couplings,  Palleys  and  Hangera. 

STEAM  AND  HAND  CRANES. 

Passenger  and  Freight  Hoisting  Machinery  for  Stores  &  Faotories, 

Marble  Sawinjf  and   Polishing  Machinery  of  all   Kinds, 

SPECIAL  MACHINERY  AND  FIXTURES  FOR  SOAP  MANUFACTURERS, 

Retortai  Meters,  Stills,  &c.,for  Chemists. 

Sugar  Boilers,  Tanks  and  Machinery.    Castings  in  green  sand  ci'  Loam,  an4 
Machinery  in  general. 

W.  W.  TUFFBB  ft  GO'S  FATX3NT  GBATXSS  AITD  GBATB  BABS. 

WDKR'S  PATENT  AUTOMATIC  CUT-OFF  ENGINE,  either  Vertical  or  Horisoatil 

Jan.  *79,lyr. 

NOISE-QUIETING    NOZZLES. 

FOB  SAFETY  VALVES,  VACUUM  BBAKES,  &c. 

Quiets  aU  the    Objectionable  Noise  from   Top    Valves  and 
Ordinary  Safety  Valves. 

8HAW8   NOZZLES    FOR    LOCOMOTIVE   8M0KE-8TACK8  arrest  Sparks  wlthoai  an/ 
-Screen  wnatever.    Address  the  Patentee, 

jan.ns^iyr.  T.  SHAW,  915  Rldgo  Avenue. 
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XAHORATORY 

FOR 

PRACTICAL  &  ANALYTICAL  CHEMISTEY. 

CHANT  STREET.  TENTH  ^STREET.  BELOW  MARKET.  PHiUDELPHIA, 
(Rear-of  St.  Stephen's  Church.) 

Instruction   given    in  CHEMISTRY,   MINERALOGY    and    GEOLOGY,   by  LECTURES    amd 

PRACTICE,  with  especial  reference  to  ANALYSIS,  MANUFACTURES  and  MEDICINE. 

Analyse!  made  of  Ores,  Minerals,  Guanos,  Waters,  and  srticles  of  commerce  and  manufacture. 

Opinions  given  on  chemical  questions. 

Jambs  C.  Booth, 

Thos.  H.  GA.WTT.  BOOTH,    CARRETT    A    BLAIR. 

Akbrkw  a.  Blair.  Jan.  78, 1  yr. 

AMERICAN  JOURNAL  OF  MATHEMATICS. 

i>I7RE    AND    AFFLIKD. 

PTOUSHED  TODBB  THE  ATTSPIOES  OP  THE  JOHNS  HOPKINS  UNIVEBSITY. 

Issued  in  volume!*  of  384  quarto  pages,  comprising  four  numoers,  appearing  quarterly. 
First  volume  published  the  present  y^ar. 

Its  primary  object  is  the  publication  of  original  investigations ;  abstracts  of  memoirs  diffi- 
•  t        of  access  to  students,  and  bibliographical  notices  of  important  publications  will  be  given. 

EdUor-in-ChUft  J.  J.  Silvsstbr,  LL.D^  F.R.S.;  Associate  Editor  in-Charg^  William  E.  Stort^ 
Ph.D. (Leipsig);  with  the  (XHrperation.  of  Benjamin  Purci,  LLD.,  P  R.S.,  of  Harvard  University  ; 
S«0N  Newcomb,  LL.D..  F.R.S.,  Superintendent  of  the  American  Ephemeris.  and  H.  A.  Rowland, 
G.E.,  of  the  Johns  Hopkins  University. 

Snbsoription  Frice»  $5.00  per  Volume ;    Single  ITuinberSy  $1.50. 
Address  WM.  E.  STORY,  Johns  Hopkins  University,  Baltimore,  Md. 

patehtts 

FOR  INVENTIONS,  TRADE  MARKS,  COPYRIGHTS,  &c., 

procared  promptly  and  on  reasonable  terms.     Advice  free.      Call  or 
send  for  a  Book  of  Instructions. 

JOHN  A.  WIEDER8HEIM, 

No.  110  South  Fourth  St.,  Philadelphia. 


A.  F.  FLEiSGHMANN, 

MANUFACTUBEB  OF 

ELICTBC-VESISAL  AFFABATTJS,  BVBaLAB  ALABK3,  SHNAL  BILLS, 
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Kg.  502   Arch  Street,  Philadelpliia,  Pa. 

0BDEB8  AND  BEPAIBHTQ  FBOMPTLT  EXEOUTED. 


Digitized  by 


Google 


•6  Journal  of  the  Franklin  InstittUe. — Advertisements. 

YAN  NOSTEAND'S 

ENGINEERING    MAGAZINE 

COnImENCED  JANUARY,  1869, 

FVBUSEES  ON  THI  15th  OF  EACH  XONTE.  AT  |5.00  FEB  TEAS, 

•Oonsists  of  original  contributions  on  all  branches  of  Engineering  Rcience,  and  selected  articles  " 
from  the  leading  Foreign  Joamals. 

It  is  designed  that  each  number  shall  contain  valuable  papers  relative  to  the  different 
-departments  of  engineering  l^or.  Space  will  be  given  to  short  di-tcnssions  or  elacidations  ot 
important  formuiee.  especially  hu  ^h  as  have  proved  valua^l*)  in  the  practice  of  the  worlcing 
engineer.    Our  facilities  for  affording  such  items  are  extensive  and  increasing. 

The  original  coitHbutions  hereafter  will  form  the  most  prominent  feature,  but  articles 
-selected  and  condensed  from  ttie  English,  Prenth,  German  and  Austrian  engineering  periodi- 
cals will  continue  to  occupy  a  position  as  before,  and  will  contribute  to  make  this  Magsiine 
Taluable  to  the  engineering  profession,  too  valuable,  in  fact,  for  any  of  our  leading  engineers  to 
be  without 

It  will  continue  to  occupy  the  same  high  p'^sitfon  in  this  respect  that  it  took  fi'om  its  com- 
meneement 


49*  Cloth  covers  for  Volumes  I.  to  XIX.  inclusive,  elegantly  stamped  in  gilt,  will  beftur* 
nished  by  the  publisher,  for  fifty  cents  each. 

If  the  back  numbers  be  nent,  the  volume8  will  be  bound  neatly  in  black  cloth  and  lettered 
for  seventy-five  cents  each.    The  expense  of  carriage  must  be  twrne  by  the  subscri)>er. 

NOTICE  TO  NEW  SUBSCRIBERS.— Persons  commencing  their  snbscriptioiui 
with  the  Twentieth  volume  (Januaiy,  1879),  and  who  are  desirous  of  possessing  the  work  from 
its  cnmmencement,  will  be  supplied  with  Volumes  I.  to  XIX.  inclusive,  neatly  bound  in  cloth, 
for  $60  on,  in  half  morocco,  $78.00. 

NOTICE  TO  CLUBS.— An  extra  copy  will  be  supplied  gratis  to  every  Club  of  Five 
eubscribers,  at  $^.00  each,  sent  in  one  remittance. 
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DR.  JAMES  QLASS, 

Manufacturer  of  Electrical   Appliances,  Galvanic  Battories, 

Electro-Magnetic  Machines  of  superior  workmanshij). 

Supplies  Telephones,  Burglar  Alarms,  Annunciators,  Signal 

and   Call   Bells.      All  kinds   of   Covered   Wire 

on  hand  and  made  to  order. 

ADDBESS,  1413  CHESTNUT  ST.,  PHILADELPHIA. 
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EDMUND  DRAPER, 
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Philadelphia,  March  12th,  1879. 

Notice  i*!  hereby  ^iven  that  the  Franklin  Institute  of  the  State  of  Pennsylvania 
has  under  consideration,  in  accordance  with  the  recommendation  of  its  Committee  on 
Science  and  the  Arts,  the  conferring  of  the  ELLIOTT  CRESSON  GOLD  MEDAL 
on  MoRBERT  DE  Lantdsheer,  of  Paris,  France,  for  his  machine  for  troating  Flax, 
Hemp,  otc.  Any  objection  to  the  proposed  award  can  be  communicated  to  the  Actuary 
of  the  Institute  within  three  months  of  the  date  of  this  notice. 

D.  S.  HOLMAN,  Actuary. 
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December,  1878. 
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"THE  BEST  LITERATURE  OF  THE  W."-J^^  vorkr^mes. 

TH£  OBEATJSST  LIVING  AUTHORS,  lucli  as 


Prof.  Max  Muller, 

Rt.  Hon.  W.  E.  Gladstone, 

James  Anthony  Froude, 

Prof.  IIUXLBY, 
IllCHARD  A.  TBOCTOR, 

Prof.  OoLDWiN  Smith, 
Edward  A.  Freeman, 
Prof.  Tyndall, 
Dr.  W.  B.  Carpenter, 
Frances  Power  Cobbe, 

and  many  oUftrs, 


The  Duke  or  Argyll, 
William  Black, 
Hiss  Thackeray, 
Mrs.  Muloch-Craik, 
Georqe  MacDonald, 
Mrs.  Oliphant, 
Mrs.  Alexander, 
Jean  Inoelow, 
Julia  Katanagu, 
Thomas  Hardy, 


are  represented  in  the  pages  of 


Matthew  Arnold, 
j.  korman  lockyer, 
Francis  W.  Newman, 
Alfred  Russell  Wallacb« 
Henry  Kingsley, 
W.  W.  Story, 
Ivan  TuRGUENiEr, 

RUSKIN, 

Tennyson, 
Browning, 


LITTELL'S  LIVING  ACE. 

m  1879,  The  Living  Age  enters  upon  its  thirty-sixth  year,  admittedly  unrivalled  and  continuously  suc- 
cessfUL    A  Weekly  Magazine,  of  sixty-four  pages,  it  gives  more  tlian 

doab1e«coliimn  octavo  pages  of  reading-matter  yearly,  forming  four  large  volumes.  It  presents  in  an  incxpcn 
sive  form,  considering  Us  great  amount  of  matter,  with  freshness,  owing  to  its  wecKly  issue,  and  wiili  a 
saU^adorif  completeneaa  attempted  by.  no  other  publication,  the  best  Essays,  Reviews,  Criticisms,  Tales, 
Sketches  of  Travel  and  Discovery,  Poetry,  Scientific,  Biographical,  Historical,  and  Political  Information, 
from  the  entire  body  of  Foreign  Periodiciil  Literature. 

Daring  the  coming  year.  Serial  and  Short  Stories  by  the  Most  Eminent  Foreign  Authors  will  be 
^ven,  together  with  an  amount 

in  the  world,  of  the  most  valuable  Literary  and  Scientific  matter  of  the  day  from  the  pens  of  the  foremost 
Essayists,  Scientists,  Critics,  Discoverers,  and  Editors,  above-named  and  mxmy  others,  representing  every 
department  of  Knowledge  and  Progress 

The  importance  of  The  Living  Age  to  every  American  reader,  as  the  only  satisfactorily  fresh  and 
eomplete  compilation  of  a  generally  inaccessible  but  Indispensable  current  literature,  —  t»c{i«j7enaa6/« 
because  it  embraces  the  productions  of 


in  all  branches  of  literature*  Science,  Art,  and  Politics,— is  sufficiently  indicated  by  the  following  recent 

"The  Living  Age  supplies  a  better  compendium  of 
current  discussiou,  information  and  invesUgatiou,  and 
tfves  a  greater  amount  and  variety  of  readina-matter 
which  it  Is  well  worth  while  to  read,  than  any  otUer  pub- 
lication. ...  It  is  simply  indispensable."— Z^<M/on  JoumdL 

**  It  contains  the  best  results  of  the  world's  tliinking."^ 
Tht  Churchman^  New  rort. 

**  It  affords  the  best,  the  cheapest,  and  most  convenient 
means  of  keeping  abreast  with  the  progress  of  thought  in 
all  its  phases.  ....  It  is  the  best  work  of  its  khid  ever 
publisued  in  the  country,  and  can  hardly  ever  be  improved 
npon.**'^Iforth  American^  Philadelphia. 

'*  The  prince  among  m:ig'azlnes."—iV£Z0  York  Observer. 

**  In  it  we  And  the  best  productions  of  the  best  writers 
upon  all  subjects  ready  to  our  hand.  .  .  .  Through  its 


pages  alone  it  is  possible  to  be  as  thoroughly  well  informed 

ia  current  literature  as  by  the  pe -     -     —      - 

monthlies."— PAftKfetoftia  Inquirer. 


**  Its  mges  teem  with  the  choicest  literature  df  the  day.** 
— iriw  York  Tribune* 

"  Its  frequent  issue  and  ample  space  enable  it  to  do  fully 
what  it  proposes  to  do, — to  give  all  that  the  very  ablest  of 
living  writers  furnish  to  periodical  litemture  on  science, 
history,  biography,  philosophy,  poetry,  theology,  politics 
and  criticism,  and  to  add  to  this  the  full  comi)lementof 
the  best  that  there  is  in  fiction."— r/i«  Interior,  Chicago. 

**One  cannot  read  everything.  ....  No  man  will  be 
behind  the  literature  of  tlie  thnes  who  reads  The  Living 
AOK."— Zt<m'«  Herald,  Boston. 

"Every  weekly  number  now-a-days  is  equal  to  a  flrst- 
claas  monthly.   For  solid  merit,  it  is  the  cheapest  maga- 
Une  in  the  land."— 7%«  Advance,  Chicago. 
,*' Gives  the  best  of  aU  at  the  price  of  one."— ir«w  York 
Adependent, 

**  It  focalizes  the  best  literatnre  of  the  age. . .  .It  is  the 
most  wonderf  nl  weekly  publication  of  which  we  have  any 
knowledge."— 5^  Loim  Observer. 

**In  no  other  single  publication  can  there  be  fonnd  so 
"*«  »  of  sterling  literary  excellence."— i\^.  Y.  Evening  Post. 
It  has  no  equal  in  any  country. ''^Philadelphia  Press, 
Published  Wbeklt,  at  $8.00  a  yearyWs  of  pottage.   An  extra  copy  sent  graiU  to  any  one  getting  np  a 
club  of  five  new  subscribers. 


'*  A  pure  and  perpetual  reservoir  and  fountain  of  enter- 
tainment and  instruction."— ifon.  Robert  C.  Winthrop. 

*'The  best  and  cheapest  periodical  In  America."— 
Evangdieal  Churchman,  Toronto, 

'*  There  is  nothing  comparable  to  it  In  true  value  In  the 
whole  range  of  periodical  literature."— ilbftt/e  DaUy 
Register. 

'^It  is  the  only  compilation  t|uit  presents  with  a  satis- 
factory completeness,  as  well  as  fi-eshness,  a  literature 
embracing  the  productions  of  the  ablest  and  most  cultured 
writers  living.  It  is,  tlierefore*.  indianesuable  to  every  one 
who  desires  a  thorough  compendium  qfaU  that  is  admirable 
and  noteworthy  in  the  literary  world/'^Boston  Post.     .. 

••Ought  to  find  a  place  In  every  American  home."— 
Nao  York  Times. 


All  new  subscribers  for  1879  will  receive  gratis  the  six  numbers  of  1878  containing,  with  other  valuabll 
toatter,  the  first  parts  of  «*Sir  Gibbie."  a  new  Serial  of  much  interest  by  GISOKGB  MACDONAXD^ 
BOW  appearing  in  The  Living  Age  from  the  author's  advance  sheets.  Other  choice  new  sciIaIs  by  dis- 
nnguished  authors  are  engaged  and  will  speedily  appear. 

CLUB  PRICES  FOR  THE*  BEST  HOME  AND  FOREIGN  LITERATURE. 

["  Possessed  of  *  Littell'b  Living  Age  '  and  of  one  or  other  of  our  vivacious  American  monthliet»  a 
BObSCTiber  will 'find  hfanself  <n  command  o/t/ie  whole  siiuaHon."}  —  Philadelphia  Evening  BuUeiin, 

^or  $10.50,  The  Livino  Age  and  either  one  of  the  four-dollar  monthly  Magazines  (or  Earper't  Weekly 
r'S.^S?^r)t'^r\i\\ie%er)tiov%ye^T,%oith  postage  prepaid  on  both;  or,  for  $9.50,  The  Livma  Age  and  th« 
!«•  Jfiehdas,  or  AppUton'e  Joumalf  both  postpaid. 
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The  Journal  of  thb  Franklin  Institute  is  issued  in  monthly  numbers, 
of  seventy-two  pages  each,  largely  illustrated,  forming  two  volumes  annually. 

Its  object  is  to  encourage  ongiiial  research,  and  disseminate  useful  knowledge 
in  all  matters  relating  to  the  practical  application  of  science,  but  more  espe- 
cially to  engineering  and  the  mechanic  arts. 

The  number  for  December,  1878,  completed  the  one  hundred  and  sixth  vol- 
ume of  the  Journal,  and  closed  the  fifty-third  year  of  its  existence,  and  its 
next  volume  has  commenced  under  very  favorable  auspices. 

Under  the  direction  of  the  Committee  on  Publication,  with  its  list  of  able 
scientists  and  engineers,  as  contributors,  largely  increased,  and  with  the  fact 
that  it  is  the  only  Technological  Journal  published  in  the  United  States  without 
any  private  pecuniary  interest,  sufficient  assurance  is  given  that  it  will  main- 
tain its  high  position  as  a  leading  organ  of  technology  and  a  standard  work  of 
reference. 

Beside  a  gi*eat  variety  of  matter  of  general  interest,  the  Journal  contains  the 
proceedings  of  the  meetings,  and  has  contributed  in  a  very  large  degree  to  the 
usefulness  of  the  Institute,  which  should  especially  commend  it  to  the  support 
of  the  members. 

The  Committee  on  Publication  are  desirous  of  increasing  its  circulation, 
being  fully  assured  that  it  will  more  than  repay  the  small  outlay  required  to 
'secure  it. 

As  the  Journal  circulates  extensively  among  scientific  men,  engineers  and 
manufacturers,  advertisers  will  find  it  to  their  advantage  to  avail  themselves  of 
its  advertising  columns. 
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"<x)ncerning  ^'  ~  ^'' ;  oe,  the  limit  of  efficiency 
in'  heat  engines.^' 


By  Prof.  R.  H.  Thurston. 


Fully  appreciating  the  mathematical  skill,  the  familiarity  with 
heat-dynamics,  and  all  the  courtesy  illustrated  in  the  paper  published 
recently  in  the  Journal  under  the  above  title,  in  which  the  "thermo- 
dynamic heresy^^  detected  by  its  author  is  so  ably  attacked,  and  admit- 
ting the  conclusions  therein  reached,  the  writer  would  suggest  that  the 
truth  may  be  best  exhibited  by  quite  a  different  method.*  In  fact,  the 
main  question  calls  for  but  very  brief  consideration  and  may  be  solved 
by  very  simple  logical  methods,  based  on  well-proven  and  generally 
known  facts  which  have  been  determined  by  scientific  investigation 
and  upon  principles  equally  well-settled  and  generally  understood. 

*In  justice  to  its  author,  it  should  be  stated  that  the  paper  containing  this 
"  heresy "  was  prepared  while  he  was  suffering  from  nervous  exhaustion  and  prostra- 
tion due  to  various  physical  causes  and  mental  anxieties,  the  extent  and  the  effects  of 
which  were  not  at  the  time  either  realized  or  suspected.  A  long  period  of  depression 
terminating  in  serious  illness  extending  over  many  months,  from  which  illness  recovery 
has  only  recently  been  apparently  assured,  will  account  both  for  the  original  error  and 
for  its  tardy  recognition. 
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The  question  primarily  at  issue  in  the  case  considered  was  whether 
the  thermal  changes  of  energy  occurring  in  a  fluid  doing  work  and 
having  work  done  upon  it  when  its  constitution  is  that  of  a  perfect  gas, 
were  essentially  diiferent  so  far  as  they  affect  adjacent  bodies,  from 
those  occurring  when  the  working  substance  condenses  during  expan- 
sion against  resistance,  a^  does  steam  in  the  steam  engine.  This  point 
settled,  no  further  discussion  is  needed. 

The  question  being,  whether  all  working  substances  are,  as  ti-ansferrers 
of  heat,  equally  efficient  in  heat  engines,  the  case  is  covered  by  a  well- 
known  principle  of  mechanics :-— In  any  mass  or  system  of  bodies,  no 
interchanges  of  energy  and  no  interaction  of  forces  among  those  bodies 
can  produce  any  change  in  the  action  of  the  mass  upon  bodies  external 
to  itself. 

Now,  as  the  characteristics  which  distinguish  perfect  gases  from  those 
which,  like  steam,  condense  while  doing  work  upon  external  bodies, 
are  due  entirely  to  differences  in  interactions  occurring  among  their 
molecules  due  to  their  own  internal  and  inherent  attractive  (and  possi- 
bly inherent  repellant)  molecular  forces,  it  at  once  follows  that,  as 
receivers  and  transmitters  of  heat  energy  to  external  bodies,  they  will 
be  alike  and  subject  to  the  same  laws.  No  interchange  of  energy  exter- 
nally, such  as  results  in  the  closer  approximation  of  the  particles  of  one 
portion  of  a  vapor,  in  consequence  of  its  surrender  of  energy  to  other 
molecules,  can  affect  the  action  of  the  mass,  as  a  whole,  upon  bodies 
external  to  itself. 

Another  statement,  equally  simple,  may  serve : — A  given  quantity  of 
heat  entering  an  engine  and  doing  work  therein — ^whatever  the  amount 
and  whatever  the  conditions — that  quantity  of  heat  energ}'^  has,  initially, 
a  measure  3/ A,  in  which  31  measures  the  quantity  of  matter,  i.  e.,  the 
mass  of  the  working  substance,  and  h  is  the  virtual  head  which,  mul- 
tiplied into  3Iy  gives  a  product  equal  to  the  total  initial  energy.  All 
subsequent  changes  which  attend  the  operation  of  the  engine  are  due 
to  variations  in  the  value  of  h  ;  since  they  are  all  due  either  to  changes 
of  molecular  velocities  with  changing  temperature  or  to  changes  of 
molecular  distances  due  to  modification  of  repellant  forces  and  changes 
in  the  total  quantity  of  heat  present  in  the  expanding  or  contracting 
mass. 

Throughout  every  operation,  the  value  of  M  remains  constant  and 
must  so  remain  as  long  as  the  law  of  the  persistence  of  matter  con- 
tinues.    If  then,  the  mass  remains  constant,  it  is  a  matter  of  indiffer- 
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€nce,  so  far  as  any  theniKxlynaniic  action  is  concerned,  what  kind  of 
matter  has  given  the  value  M,  This  being  the  case,  it  is  a  matter  of 
indiflFerence,  in  any  thermodynamic  problem,  what  working  substance 
is  used  or  assuined ;  every  principle  applies  equally  well  whether  the 
heat  engine  be  a  perfect  gas  engine,  or  a  steam,  or  other  vapor  engine. 

Proposition  A — "  It  is  impossible  for  any  heat  engine  to  perform 
work  by  the  expansion  and  contraction  of  the  volume  of  its  working 
substance  without  rejecting  heat  '^ — is  correct  under  all  attainable  condi- 
tions, so  far  as  is  yet  known,  and  every  such  engine  must  reject  heat. 

The  proposition,  although  correct,  when  rendered  properly  specific 
a^  intended,  is  if  unqualified,  not  only  not  proven  by  the  reasoning 
ijdopted,  but  may  be  disproved  by  the  same  general  method  and  using 
the  same  quantities. 

Thus :  let  the  engine  R  be  driven  backward  by  S,  as  suggested  in 
the  Journal,  p.  154,  the  latter,  however,  acting  under  those  con- 
ditions which  admittedly  imply  rejection  of  heat,  we  then  have  : 

IF,  =  J{q,-q,)  and  IF',  =  /(§',-  Q\) ; 
then,  Q,-'Q,=  Q\-Q\, 

and  if  the  two  engines  take  in  heat  at  the  same  temperature,  it  follows 
that  the  engine  8,  by  exerting  a  certain  quantity  of  energy  between  the 
initial  temperature  t  and  a  lower  temperature  t^,  may  convey  an  equiv- 
alent amount  of  heat  from  the  grade  ^  to  a  higher  temperature  t^.  The 
point  here  overlooked  is  the  fact  that  Qq  >  §*(,. 

Now  suppose  that  8  works  down  to  absolute  zero,  and  thus  avoid  the 
rejection  of  heat,  we  have,  as  in  the  original : 

J{Q.-Qo)  =  J{Q:  -  Qo')  =  J  Q\,  and 

and  it  follows — since  8  certainly  does  not  now  reject  heat,  for  none  is 
left  to  reject — that  the  second  principle  assumed  is  false,  as  well  as  that 
it  is  possible  for  a  heat  engine  to  perform  work  without  rejecting  heat. 
The  true  conclusion  is  obviously  that  only  under  cerkiin  conditions^ 
which  we  cannot  now  see  any  way  of  securing j  can  a  heat  engine  do  work 
without  rejection  of  heat. 

Proposition  A,  to  be  correct,  requires  this  limitation,  and  the  second 
assumed  principle  is  as  evidently  defective  in  not  being  sufficiently 
specific.  This  latter  fact  has  been  fully  recognized  by  Maxwell,  Tait 
and  other  writers.  As  put  by  Clausius, "  heat  cannot,  of  itself,  pass  from  a 
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colder  to  a  warmer  body, ''  it  is  sufficiently  and  obviously  right  and  b 
analagous  to  the  statement,  "Water  cannot,  unaided,  flow  upward." 

Thompson's  statement,  '^  It  is  impossible,  by  means  of  inanimate 
material  agency,  to  derive  mcc^hanical  effk^t  from  any  portion  of  matter 
by  cooling  it  below  the  temperature  of  the  coldest  of  the  surrounding 
objects ''  is  analagous  logically,  not  physically,  to  the  statement  that 
"  no  machine  can,  of  itself,  cause  water  to  flow  upward."  In  either 
case,  the  desired  effect  can  be  actually  produced  only,  so  far  as  we  now 
know,  by  the  sacrifice  of  some  part  of  an  original  stock  of  enei^. 
Clerk-Maxwell,  it  is  true,  has  suggested  in  his  so-called  "demon 
hj^othesis,''  how  it  is  at  least  conceivable  that  work  might  be  done  by 
cooling  any  mass  of  elastic  gas  or  vapor  below  the  tempemture  of  sur- 
rounding bodies,  and  the  writer  has  suggested  a  singular  and  equally 
conceivable  "physical  possibility'"  by  which  the  same  result  is  reached; 
but  both  are  equally  impracticable. 

It  is  readily  seen  why  it  has  been  difficult  to  fmme  a  correct  enun- 
ciation of  the  principle.  It  is  one  of  those  facts  which  come  of  natural 
conditions  which  can  be  learned,  and  limitations  detected,  only  by 
experiment,  or  by  mathematical  deduction  from  experimentally  proven 
laws,  based  in  turn  on  facts  shown  by  experiment  or  by  observation ; 
it  is  not  a  general  law  in  the  same  sense  with  the  "  fii'st  law  "  of  ther- 
modynamics. We  can  only  assert  that  it  is  correct  under  all  conditioni> 
which  seem  to  us  attainable,  and  that  the  results  are  then  practically 
the  same  as  if  it  were  an  absolute  and  mathematically  accurate  general 
principle. 

It  may  be  seen  that  the  efficiency  of  an  actual  engine  is  depend- 
ent, not  only  upon  the  range  of  temperature  adopted,  but  also  xxpon  the 
method  of  disposing  of  heat  rejected.  Our  theory  assumes  the  absolute 
impossibility  of  avoiding  rejection  of  heat  or  of  exchanging  that  of  low 
for  that  of  high  grade,  or  for  available  natural  energy  of  any  other 
kind. 

The  whole  matter  is  briefly  and  well  summed  uj)  by  Tait,  who  saysr* 
"therefore,  so  far  as  expmment  goes,  and  practical  application  goes" 
(the  italics  are  introduced  by  the  writer),  "we  may  take  this  improved 
form  of  Caraot's  demonstration  as  being  absolutely  decisive  of  the 
important  result  that  no  heat  engine  can  be  more  perfect  than  a  rever- 
sible one."     We  cannot  say  what  experiment  may  reveal  in  the  future^ 


*  "Recent  Advances  in  Physical  Science,"  by  P.  G.  Tait,  M.  A.,  London,  1876. 
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or  what  practical  applications  may  follow.  We  can  only  assert  that  it, 
lo-day,  seems  impossible  to  do  work  by  the  expenditure  of  heat  energy 
without  waste  by  rejection  of  energy  from  the  system  as  a  whole,  and 
that  it  is  not  known  to  this  day  whether  or  not  we  must  go  on  through- 
out the  life  of  the  race,  or  until  all  mankiad  is  driven  into  the  tropics 
by  the  exhaustion  of  our  fuel  supplies,  wasting  a  large  percentage  of 
tall  the  heat  energy  now  treasured  up  in  our  coal  fields. 

The  facts  and  premises  and  the  logical  argument  which  would  best 
-suit  the  majority  of  readers  perhaps,  reads  thus  : — 

1.  We  know,  at  present,  no  other  way  of  making  heat  energy  avail- 
:able  in  engines  than  through  changes  in  volume  and  density  of  masses 
pervaded  by  it. 

2.  We  know,  at  present,  no  practicable  way  of  discharging  heat  from 
the  working  substance  of  a  heat  engine  except  by  presenting  to  it  a  mass 
:at  lower  temperature. 

3.  We  know,  at  present,  no  way  of  compressing  a  mass  of  matter 
•containing  heat — that  heat  not  being  removed  from  the  mass — ^without 
the  production  of  an  additional  amount  of  heat  precisely  equal  to  that 
-which  disappears  in  the  opposite  equal  change  of  expansion.* 

4.  "  Heat  will  not,  of  itself,  pass  from  a  colder  to  a  warmer  body." 
6.  No  way  is  known,  at  present,  of  working  an  expanding  body  in 

:any  heat  engine  down  to  the  absolute  zero  of  temperature — ^and  thus  of 
•depriving  it  of  all  heat  energy — or  of  approximating  to  that  state. 

6.  All  heat  engines  are  worked  in  the  presence  of  and  surrounded 
hy  matter  having  a  temperature  several  hundred  degrees  above  abso- 
lute zero,  which  thus  presents  to  the  working  fluids  of  such  engines  a 
kind  of  "  sea-level  '^  of  heat  energy. 

Now,  in  every  such  engine,  the  working  substance  having  driven 
tJie  piston  to  the  end  of  its  stroke  and  thus  having  attained  to  a  max- 
im]a;n  as  to  volume,  and  to  a  minimum  as  to  contained  heat  energy,  it 
must  either  be  reje(»ted  from  the  cylinder  or  must  be  restored  to  its 
initial  and  minimum  volume. 

But,  as  just  shown,  the  one  operation  coiApels  its  expulsion  with  all 
its  heat  contents,  against  the  extmneous  pressure  due  to  the  presence  in 
the  resisting  fluid  of  heat  energy  at  or  above  the  *^  sea-level ''  of  tem- 


*  It  is,  however  possible,  as  shown  by  Joule,  for^  change  of  volume  to  occur  with- 
out transfer  of  heat.  Work  must  be  done  to  cause  change  in  total  amount  of  heat 
energy. 
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perature,  while  the  other  action  can  only  occur  by  compression,  with 
abstraction  by  surrounding  bodies  of  all  heat  due  to  such  reduction  of 
volume. 

Hence,  in  all  heat  engines,  so  far  as  we  now  know,  there  must  be  a. 
rejection  of  unutilized  energy  from  the  working  cylinder,  the  proportion 
of  initial  heat  to  that  thus  lost  being  determined  by  the  working 
temperatures  adopted,  and  the  absolute  amount  of  waste  per  pound  of 
working  substance  being  determined  by  its  physical  properties  and  the 
distance  of  the  absolute  zero  below  minimum  working  level  of 
temperature. 

TESTS  OF  A  BALDWIN  LOCOMOTIVE. 


By  John  W.  Hill,  M.  E., 

Member  American  Society  of  Civil  Engineers. 


(Continued  from  vol.  Ivii,  page  272.) 

In  the  following  table  the  diagrams  have  been  worked  in  pairs  for 
each  engine  (right  and  left),  and  are  given  with  the  boiler  pressure,  revo^ 
lutions,  and  the  track,  for  each  series  of  canls.  The  series  are  numbered 
from  1  to  40,  Cincinnati  to  Hamilton ;  from  1  to  20,  Hamilton  to  Twin 
Creek,  and  from  1  to  21,  Twin  Creek  to  Dayton. 

In  column  1  is  given  the  order  in  which  the  diagrams  were  taken ;  col- 
umn 2  gives  the  pressure  in  the  boiler  taken  simultaneously  with  the  dia- 
grams ;  column  3  contains  the  revolutions  corresponding  with  each  series 
of  diagrams.  As  already  explained,  the  engine  counter  failed  after  running 
a  short  distance,  and  the  revolutions  are  deduced  from  the  observed  time  in 
runnuig  between  fixed  stations.  This  method,  although  not  as  desira- 
ble as  an  actual  record  of  the  revolutions  by  speed  counter,  was  the- 
only  means  by  which  the  speed  could  be  noted  after  the  counter  broke 
and  cannot  be  in  error  sufficiently  to  aifect  the  final  resi^lts.  The  dis- 
tances between  stations  (of  which  there  were  ninety-six  in  a  run  of  fifty- 
nine  miles)  were  carefully  measured,  after  the  tests,  and  the  time  in 
running  from  one  station  to  the  next  was  noted  to  seconds,  and  by  the^ 
observer  entered  in  his  note  book. 

Columns  4  and  12  contain  the  initial  pressures  averaged  for  each  pair 
of  cards.  This  is  the  pressure  at  commencement  of  stroke  and,  as  will 
be  observed,  is  approximately  the  same  for  both  engines  during  each  of 
the  three  runs.    Columns  5  and  13  contain  the  cut-ofis  in  fractions  of 
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stroke  measured  on  the  cards.  The  entire  valve  motion  is  earliest  for 
the  right  engine,  although  by  the  marks  on  the  the  guide  bars,  the 
valve  motions  were  alike  for  both  engines.  Columns  G  and  1 4  (contain 
the  frdctions  of  stroke  to  release.  Columns  7  and  15  contain  the  ter- 
minal pi^ssures,  or  [)ressures  at  time  exhaust  02)ens.  (All  pi'cssures  are 
measured  from  the  atmasphere.)  Columns  8  and  16  contain  the  coun- 
ter pressures  at  mid-stroke.  The  effect  of  S2)eed  and  terminal  pressure 
on  the  back  pressure  will  be  apparent  upon  comparison  of  the  values 
in  these  columns  with  the  corresponding  values  in  columns  3-7  and  15. 
Columns  9  and  17  c»ontain  the  fractions  of  stroke,  estimated  from  zero 
to  exhaust  chxsure.  Columns  10  and  18  contain  the  mean  effective 
pressure  i)er  square  inch  of  piston  during  stroke  (forward  and  back). 
Colunuis  11  and  29  contain  the  indicated  hoi-se-power  for  each  pair  of 
diagrams.  The  extreme  variableness  of  the  resistance  under  different 
conditions  of  speed  and  tnwjk  are  apparent  from  these  values  and  the 
values  in  column  20  (where  the  aggregate  indicated  power  is  given). 
For  diagrams  89,  run  from  Cincinnati  to  Hamilton,  the  aggregjite  indi- 
cated resistance,  including  friction  of  the  engine  in  all  parts  and  extra 
friction  due  to  load,  was  30*641.  At  this  time  the  engines  were  run- 
ning "  throttled  "  and  "  cut  back  "  at  less  than  seventy-nine  revolutions 
per  minute,  whilst  in  diagrams  32,  with  an  average  cut-off  '58  of  stroke 
and  open  throttle  at  208*33  i*e volutions  per  minute,  the  engines  were 
developing,  in  the  aggregate,  726  horse-power,  a  mean  of  363  horse- 
power per  engine.  In  column  21  is  given  the  conditions  of  the  track^ 
curve  or  tangent,  grade  up  or  down,  deflection  of  curve,  angle  at  centre 
and  ratio  of  grade. 

As  suggested  early  in  the  review  of  the  test,  the  engines  were  pre- 
cisely alike,  except  the  pLston-rod  of  left  engine  was  '0625  in.  in 
excess  of  standard  diameter,  otherwise  the  engines  did  not  differ  in 
measured  dimensions ;  and  without  data  to  the  contrary  it  would  be 
reasonable  to  ex[)ect  the  engines  to  do  equal  amounts  of  work.  A  care- 
ful examination  of  the  table  of  diagrams  will  show  that,  with  a  few 
exceptions,  probably  due  to  delay  in  taking  the  diagrams  from  opposite 
sides  of  the  locomotive,  the  left  engine  was  constantly  carrying  the 
heaviest  load.  In  this  engine  the  valve  functions  are  all  tardy  as  com- 
pared with  the  opposite  side ;  but  this  alone  is  not  sufficient  to  account 
for  the  discrei)ancy  in  the  loads.  According  to  the  De  Pambour  law 
"  the  mean  pressure  on  the  piston  is  equivalent  to  the  resistan(!e ''  and 
any  attempt  to  estimate  the  resistance  from  an  indicator  diagram  assumes 
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the  correctness  of  this  law.  If  the  steam  pipes  branching  to  tlie  cylin- 
ders were  of  unequal  area  in  cross  section,  then  the  effect  would  be 
appreciated  by  a  reduced  initial  pressure  in  the  cylinder  supplied  hyihe 
least  pipe,  and  this  would  appear  to  be  the  case  in  the  run  from  Cin- 
cinnati to  Hamilton,  but  in  the  runs  from  Hamilton  to  Twin  Creek 
and  from  Twin  Creek  to  Dayton  the  initial  pressures  differ  very  slightly. 

With  equal  initial  pressures  and  equal  functions  of  valves,  the  mean 
diagrams  sliould  estimate  alike,  and  in  a  coupled  engine,  when  the  load 
for  a  given  interval  of  time  is  represented  by  a  constant  statical  moment, 
each  engine  at  two  points  in  every  revolution  of  the  cranks  must  be 
capable  of  moving  the  load  unaided  by  the  opposite  engine.  Then  by 
applying  the  De  Pambour  law  to  the  problem,  the  mean  pressure  at  the 
two  points  of  crank  should  be  equal  for  equal  radii  of  cranks  and  oppo- 
site engines.  If  the  pistons  work  on  cranks  at  quarters,  then  the  points 
at  which  one  engine  must  be  capable  of  moving  the  load  at  mean  speed 
are  90°  and  270°  in  the  revolution  of  the  respective  cranks. 

In  a  locomotive,  when  the  axes  of  cylinders  are  in  the  same  plane 
as  the  axis  of  drivers,  then  these  points  would  represent  a  position  of 
piston  in  excess  of  half  stroke  for  the  bax)k  motion,  and  less  than  half 
stroke  for  the  forward  motion,  and  the  pressures  at  these  two  points 
referred  to  effective  areas  of  piston  should  be  alike. 

Again,  if  the  resistance  to  the  motion  of  the  engine  be  a  constant 
quantity,  then  the  mean  effective  pressure  for  total  stroke  into  the  mean 
crank  arm  (both  cranks  considered)  should  equal  the  pressure  on  the 
crank  pin  at  90°  and  270°  into  the  minimum  crank  arm. 

The  maximum  crank  for  a  pair  of  engines  coupled  at  quarters  would 
be  1*414,  the  actual  radius  of  crank,  and  would  exist  when  the  cranks 
were  respectively  at  angles  of  45°  and  235°  from  the  centre  line,  and 
the  minimum  crank  arm  would  exist  when  one  pin  was  at  0°  or  180° 
and  the  other  at  90°  or  270°,  and  the  mean  crank  arm  would  be 

-     ^  -L-±±-±  ^  J.2Q7  i-jj^^g  ij^g  actual  radius  of  crank. 
2 

In  brief,  the  maximum  crank  arm  for  an  engine  working  singly  is 
the  minimum  crank  arm  for  a  pair  of  engines  coupled  at  quarters,  and 
as  the  force  applied  to  the  minimum  crank  arm  must  be  capable  of 
moving  the  load  at  mean  speed,  it  follows  that  this  force  into  the  mini- 
inum  crank  arm  should  equal  the  mean  pressure  into  the  mean  crank 
arm  (forjboth  engines).  ' 

It  has  been  suggested  that  the  force  on  the  minimum  crank  arm  into 
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the  length  of  the  arm,  may  be  more  or  less  than  the  mean  force  for 
whole  stroke  into  the  mean  crank  arm,  and  that  the  momentum  of  the 
engine  will  be  increased  or  diminished  accordingly  as  the  moment  of 
the  force  into  the  minimum  crank  arm  is  greater  or  less  than  the 
moment  of  resistance. 

An  engine  operating  under  the  conditions  first  named,  would  move 
forward  without  acceleration  or  retardation  of  speed  so  long  as  the  cut- 
off, boiler  pressure,  and  resistance  was  uniform.  Whilst  under  the  second 
conditions,  the  engine  would  move  forward  by  successive  impulses,  and 
the  motion  would  be  accelerated  or  retarded  as  the  pressure  into .  mini- 
mum crank  arm  was  greater  or  less  than  the  mean  pressure  into  mean 
<;rank  arm. 


In  the  condensed  tables  of  engine  performance,  the  averages  of  thci 
table  of  diagrams  are  given,  together  with  the  duration  of  run,  miles  run, 
miles  per  horn*  and  distribution  of  the  load. 

The  friction  of  engine  in  all  its  parts  was  determine<l  upon  the  return 
from  Dayton  to  Cincinnati;  the  car,  containing  the  observers  and 
invited  guests,  being  detached  and  the  engine  running  at  average  speed, 
while  friction  cards  were  taken,  as  rapidly  as  the  indicators  could  be 
worked,  from  both  ends  of  each  cylinder. 

The  power  absorbed  by  the  engine  in  overcoming  frictional  resistance 
is  based  upon  the  average  of  mean  effective  pressures  from  the  friction 
<iiagrams  and  the  speed  for  each  run. 

The  extra  friction  due  to  load  has  been  estimated  at  five  per  cent,  of 
gross  load ;  the  power  expended  in  moving  the  train  is  the  difference 
between  the  indicated  horse-power  and  power  absorbed  by  friction. 

In  determining  the  cost  of  the  power,  the  engines  were  charged  with 
the  total  water  pumped  into  the  boiler.  Some  exception  may  be  taken 
to  this  method  of  estimating  the  economy  of  performance,  but  while,  for 
purposes  of  investigation,  it  is  proper  to  separate  the  performance  of  the 
hoiler  from  that  of  the  engine,  in  actual  use  the  economy  of  the  one  is  largely 
dependent  upon  the  other.  The  economy  of  the  boiler  might  be  excellent, 
whilst  the  design  of  the  engines  was  such  as  to  obliterate  the  efficiency  of 
boiler  and  render  the  efficiency  of  the  whole  mediocre  or  poor,  and  con- 
versely, a  good  design  of  engine  may  be  prejudiced  by  the  inferior  duty  of 
the  boiler.  Of  the  total  quantity  of  feed  pumped  into  the  boiler  a  portion 
went  into  the  dry  pipe  as  water  entrained,  a  portion  was  lost  by  frequent 
blowing  of  the  safety-valve,  and  still  another  portion  was  lost  by  the 
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whistle.  Ill  addition  to  tliase  losses,  the  drain-cocks  of  the  cylinders  were 
occasionally  opened,  and  a  small  quantit}^  of  steam  was  wasted  in  the 
attempt  to  make  calorimeter  observations.  Taking  the  difference 
between  the  water  pumped  into  boiler  and  steam  delivered  to  the  engines, 
at  seven  per  cent,  of  the  total  quantity,  then  of  this  quantity  but  ninety- 
three  per  cent,  was  properly  chargeable  to  the  engine. 

The  jKjr  centage  of  steam  accounted  for  by  the  indicator  becomes 
85-068  ^  ^^.47 
•93 
for  the  run  from  Cincinnati  to  Hamilton ; 

^2:?!1  =  86-31 
•93 

for  the  run  from  Hamilton  to  Twin  Creek ;  and 

83-191  ^  ^^.^^ 

•93 

for  the  run  from  Twin  Creek  to  Dayton ;  and  the  actual  steam  per 

indicated  horse-power  per  hour,  became  for  the  three  indej)endent  ruits 

,  30^02  pounds,  31^05  jwunds  and  29.72  pounds,  respectively. 

A  16  in.  non-condensing  Harris-Corliss  engine,  working  at  500' 
})iston  speed,  initial  pressure  of  1 00  pounds  above  atmosphere  and  cut- 
ting off  at  -^  of  stroke,  would  require  about  21*5  ponnds  of  water  [>er 
indicated  hoi^se-power  per  hour. 

It  has  been  suggested  by  an  eminent  English  engineer,  that  of  the 
total  power  developed  by  a  locomotive,  25  i>er  cent,  was  absorbed  by 
the  engine  itself  in  overcoming  friction  and  working  the  pumps.  The 
pumps  were  on  during  the  run  for  friction  diagrams,  and  the  jx)wer 
expended  in  this  direction  is  embraced  in  the  second  quantity  under  the 
distribution  ot  the  load. 

During  the  run  from  Cincinnati  to  Hamilton  the  mean  indicattxl 
load  on  the  locomotive  was  291*958  horse-power,  and  the  mean  total 
friction  load  33;384  +  12*929  =  46*313  horse-power,  and  the  percent- 
age of  total  power  absorlx^d  by  the  engine  itself  in  overcoming  all 
resistances  becomes 

46-313x100^,^.33 
291-958 

During  the  run  from  Hamilton  to  Twin  Creek,  the  mean  indicated 
load  was  368*658  horse-power,  and  the  total  friction  load  was  57*632 
horse-power,  and  percentage  of  total  power  absorbed  by  the  engine  rn 
overcoming  all  resistances  becomes 
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DIA  GRAMS. 
ILTON. 

E. 


i  , 

h 

^vr- 

18 

19        1 

20 

21 

Indicated 
Honie-power. 

111 

TRACK. 

1 

•1078 

60-442 

70-453 

139  -521 

Oirve.iooo'def. 

cen.  angle,  16°  24'. 

Level, 

2 

•1078 

47-412 

66-708 

i:J0-983 

Tangent. 

»• 

3 

•1078 

41  -981 

76-057 

152-220 

Curve,  1°  SO' def- 

cen.  angle,  16°  -21'. 

** 

4 

•2275 

70-326 

172-194 

:J34-244 

M      lOQfy    .. 

24P  36'. 

" 

6 

•2275 

74-064 

213  -290 

416-184 

u      JO  00'    " 

11°  :^0'. 

M 

6 

•3265 

58-208 

148  -977 

283-467 

u      10  30/    ♦. 

:«o  02'. 

•* 

7  1 

•3265 

6.5  118 

136  -757 

262  -:i02 

"      1045'    " 

40°  (»(»'. 

u 

« 

•a2«5o 

46-567 

116-675 

160-754 

Tangent. 

i;p  grade,  1  -91<>. 

9 

•3265 

51  -54:^ 

129-142 

250-875 

" 

10 

•2275 

62-389 

156-318 

.•J07-663 

•♦ 

44             4. 

11 

•2275 

66-902 

180-264 

351  -746 

M 

1-6(>1. 

12 

•'2275 

61  -146 

140-828 

276-925 

Curve,  0^:30' del.: 

cen.  angle,  6°  W. 

Level. 

13 

•1824 

64-764 

I6:j-128 

325  -:J57 

Tangent. 

rp  grade,  1  -376. 

14 

•1824 

62  -735 

121  118 

242-621 

" 

1  -30«i. 

15 

•1824 

75  •!:« 

125  ^227 

247 -435 

•< 

16 

•1824 

80  ^768 

134  620 

264-789 

" 

u                        «. 

17 

•1824 

87  822 

146^378 

288-746 

<Jurve,  l°no'rtef.; 

cen.  angk',  .32^11'. 

Up  grade,  1  "25i>. 

18 

•1824 

91  415 

150-415 

297 -338 

t(                    t.                M 

44                                « 

44           44 

19 

•1824 

87^216 

161  -354 

321 -041 

Tangent 

T>  grade,  1  "2f«. 

30 

•1824 

93  440 

172-86(5 

340-487. 

■  u 

21 

•18-i4 

87  692 

142-606» 

281  -004 

" 

«       1  -260. 

22 

•1824 

88-848 

161  -580 

318-100 

Curve,  0°  45' def. ; 

ren.  angle,  21°  11'. 

"        1  -256. 

23 

•1824 

87  •4X\ 

153  -364 

;J05  -076 

M                    «4                (I 

(1                ». 

.1                      44 

M^ 

-^^^ 

'^-"*"' 

"           ^ 

•      -—  -  - 
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57-632  X  100  ^  -^g.gg 

368-658 
During  the  run  from  Twin  Creek  to  Dayton,  the  mean  indicated 
load  was  388*502  horse-power,  and  the  total  friction  load  was  61*487 
horse-power,  and  the  percentage  of  total  [power  absorbed  by  frictional 
and  pump  resistances  becomes 

61*487  X  100  ^  -^^.^2 
388*502 
or  an  average  of  15*77  per  cent,  of  the  total  indicated  ix)wer  was 
expended  in  overcoming  the  friction  of  the  engine  in  all  its  parts,  extra 
friction  due  to  load  and  in  working  the  pumps. 

In  presenting  the  cost  of  the  power  in  coal,  it  is  proper  to  remark 
that  the  coal  burned  during  this  trial  was  Pittsburgh  No.  2,  screened 
and  picked,  and  is  supposed  to  represent  the  l)est  bituminous  coal  avail- 
able in  this  part  of  the  country  (Cincinnati).  Estimating  the  cost  upon 
the  basis  of  the  actual  coal  burned,  is  prejudicial  to  the  engines  to  the 
extent  of  unconsumcd  coal  blown  out  of  the  stack,  and  of  failure  in  the 
boiler  to  furnish  a  standard  evapomtion. 

Taking  the  economy  of  engines  as  represented  by  30*02,  31*05  and 
29*72  pounds  of  steam  per  indicated  horse-power  per  hour,  or  an  aver- 
age of  30*26  pounds  for  whole  trial,  and  the  evaporation  per  j)ound  of 
coal  (Pittsburgh)  as  9  pounds,  then  the  cost  of  the  j>ower  l)ecomc»s 

30*26      ^^^  , 
=:fr3b  pounds. 

7 

It  will  be  remarked,  upon  examination  of  the  condensed  tables  of 
performance  of  the  engines,  that  whilst  the  cost  of  the  power  upon  an 
evaporation  of  nine  pounds  of  water  per  pound  of  coal  is  apjn'oximately 
the  samafor  all  the  runs,  the  actual  cost  of  the  j^ower  is  respectively  4*238^ 
7*033  and  5*359  pounds  of  coal  per  indicated  horse-jjower  j)er  hour.  The 
manifest  unfairness  of  estimating  the  economy  of  the  engines  upon  the 
coal  actually  burned,  could  not  be  better  shown,  for  whilst  the  ex[)en8e 
of  steam  per  hour  per  horse-power  is  nearly  the  same  for  all  runs,  the 
actual  coal  burned  varies  from  27  per  cent,  excess  during  the  third  run 
to  nearly  66  per  cent,  excess  during  second  run,  as  com|)ared  with  the 
coal  burned  per  horse-power  per  hour  during  first  run. 

Assuming  the  Baldwin  Locomotive  as  re2)resenting  the  best  American 
practice,  then  two  serious  defects  are  apparent  from  these  trials : 

First.  The  economy  of  boiler  should  be  improved  until  an  average 
evaporation  is  had,  of  nine  pounds  of  steam  from  temperature  of  feed 
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per  pound  of  coal.     This  evaporation  is  attainable  without  impairing 
the  steaming  qualities  of  the  boiler. 

Second.  The  valve  gear  should  be  so  devised  as  to  produce  full  port- 
opening  for  all  cut-offs,  and  the  area  of  port-opening  should  be  calcu- 
lated for  maximum  piston  speed.  It  is  just  as  desirable  that  the  initial 
pressure  in  the  cylinders  of  a  locomotive  shall  approximate  boiler  pres^ 
«ure  as  in  the  automatic  cut-off*  engine,  and  this  result  also  is  attainable 
without  complicating  the  valve  gear  or  diminishing  the  pronounced 
•efficiency  of  the  engine. 

Summary  op  Engine  Performance. 
Cincinnati  to  Hamilton. 
July  28th,  1878. 


Duration  of  run, 
Miles  run, 

'*      run  per  hour,    . 
Mean  revolutions  per  minute, 

"      piston  speed  each  engine,  . 

"      boiler  pressure, 

"•^  initial  pressure, 

"**  cut-off*  in  parts  of  stroke, 

'^*  terminal  pressure, 

'^^  release  in  parts  of  stroke, 

'^^  counter  pressure  at  mid  stroke, 

*^  exhaust  closure  in  parts  of  stroke 

**  eff*ective  pressure, 
Orade  of  expansion  including  clearance, 


1  hour  26  minutes. 
24-6950 
17-2290 
1OO-4730 
401-8920 
122-0000 
Left  Engine. 
99-812 
•5486 
44-610 
-8879 
2-663 
-2160 
66-484 
1-961 


pds. 
Right  Engine. 
pd8.97-272 
-5066 
"  42-547 
-8695 
"     2-106 
-2736 
"  63-447 
2-124 


DI8TUIBUTION   OF   THE   IX)AD. 


Indicated  horse-power, 

Power  absorbed  by  engine  above  all  resistances, 
Oross  load. 

Extra  friction  due  to  load  (-05  of  gross  load),     . 
Power  expended  in  moving  the  train,  ■. 

(XXST   OF   THE   POWER. 

4Steam  per  hour  bo  the  engines, 

Piston  displacement  per  hour  to  release 


i  141-782     150-176 


1 


291-958 
33-384 

258-574 
12-929 

245-645 


9424-60 
28842-31  29426-92 
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Piston  displacement  per  hour  to  exhaust  closure,  9075*49     7158*46 

Volume  of  clearance  per  hour,  .  .  2520*98     2518*72 

Weight  of  steam  accounted  for  to  release  per  hour,  4353*214  4588*809 

''       ''      ''     retained  by  (Tushion  per  hour     .     497*909     426*874 

u       u       i     X.    A'  u  ^  n  f    3855*305  4161*935. 

"      ,'     by  diagrams  (total),  .      |  8017*24 

Percentage  of  steam  accounted  for,      .                 .  85*068 
Steam  per  indicated   horse-power  per  hour  by 

boiler,             .             .                 .                 .  32*28 
Steam  per  indicated  horse-power  per  hour  by 

diagrams,    ....  27*46 
Coal  per  indicated  horse-power  per  hour  actual 

evaporation,                 .                 .                 .  4*238 

Coal  per  indicated  hor^e-power  per  hour  9  to  1,  3*586 

Relative  capacity  of  engines,               .                 .  '9441       1*0000 

''        economy  of  engines,      .                 .  1*0000         -9812: 

Summary  of  Engine  Pjibfobmance. 

Hamilton  to  Twin  Greek 

July  28th,  1878. 


Duration  of  run,         .                  . 

42  minutes^ 

Miles  run, 

15-869 

Miles  per  hour, 

22-670 

Mean  revolutions  per  minute. 

124-1790 

"     piston  speed  each  engine,  . 

496-7160 

"      boiler  pressure, 

124-0000 

Right  Engine.    Left  Engine. 

"      initial      "        . 

106-654 

107-538 

"     cut-off  in  parts  of  stroke. 

•4928 

-5370 

"      terminal  pressure. 

43-204 

46-773 

"     release  in  parts  of  stroke,, 

-8669 

•8853. 

"      counter  pressiwe  at  mid  stroke, 

5-495 

6-353 

"     exhaust  closure  in  parts  of  stroke. 

-2863 

-2229- 

"     effective  pressure. 

62-545 

65-812 

Grade  of  expansion,  including  clearance. 

2-183 

2-004 

DISTRIBUTION  OF   THE   LOAD. 


Indicated  horse-power,  .  .         |  ^^^'^3^6^8*658^  ^^'^ 

Power  absorbed  by  engine  above  all  resistances,  41*262 
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Oross  load, 

Extra  friction  due  to  load  ('05  of  gross  load), 

Power  expended  in  moving  the  train. 


327-396 

16-370 

311-026 


<X)ST   OP   THE   POWER. 

Steam  per  hour  to  the  engines,  .  .  12311*94 

Piston  displacement  per  hour  to  release,              35541*03  36261*86 

"                 "             "                 exhaust  closure,11737*62  9129*98 

Volume  of  clearance  per  hour,            .                  .  3115*80  3113*00 

Weight  of  steam  accounted  for  to  release  per  hour,  5427*37  5849-11 

"             "       retained  by  cushion        "      "         758*99  634*38 

f  4668*38  5214*78 


"  **       by  diagrams, 

Percentage  of  steam  accoimted  for 
Steam  per  indicated  horse-power  per  hour  by 
boiler,         .  .  . 


9883*16 
80*271 

33*396 
26*172       27*582 


Steam   per   indicated  horse-power  per  hour  by 

diagrams. 
Coal  per  indicated  horse-power  per  hour  by  actual 

evaporation. 
Coal  per  indicated  horse-power  per  hour  9  to  1, 
Relative  capacity  of  engines, 
"        economy  "        " 

Summary  op  Engine  Performance. 
Timn  Creek  to  Dayton, 
July  28th,  1878. 
Duration  of  run. 

Miles  run,  .... 
Miles  per  hour. 

Mean  revolutions  per  minute,     . 
"     piston  speed  each  engine, 
"     boiler  pressure, 

**  initial      " 

"  cut-off  in  parts  of  stroke,  . 

"  terminal  pressure,     . 

^*  release  in  parts  of  stroke, 

*^  counter  pressure  at  mid  stroke. 


26*877 

7*033 

3*711 

•9434         l-OOOO 

1-0000  -9489 


42-5  minutes. 

16-267 

22.965 

133-26 

■   533-00 

123-00 

Right  F.nffine.  Left  Engine 
.     105.209     105-743 

-5142         -5437 

.       42-199       45-180 

•8568         -8874 

5-726         6-646 
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Mean  exhaust  closure  in  parts  of  stroke,     .  '2935         '2067 

'*     effective  pressure,      .  .  .       62.394       64-005 

•Grade  of  expansion  including  clearance,  2'092  1*979 

DIKTRTBUTION    OF   THE   LOAD. 

,    ,.    ,  ,  ,  f  191-623     196-876 

Indicated  horse-power,       .  .  .<  *^88-502 

Power  absorbed  by  engine  above  all  resistances,  44*276 

Gross  load,         ....  344  226 

Extra  friction  due  to  load,           .                  .  17-211 

Power  expended  in  moving  the  train,                •  .  327'015 

COST   OP  THE   POWER. 

iSteain  per  hour  to  the  engines,    .  .  12415-09 

Piston  displacement  per  hour  to  release,  37648-70  39003.18 

"      exhaust  closure,  12911-60     9084-89 

Volume  of  clearance  per  hour,  .  .  3343*41     3340-33 

Weight  of  steam  accounted  for  to  release  per  hour,  5660  96     6138*47 

''      "     ''       retained  by  cushion  per  hour,         800-55       670-45 

,,      ,,     ,,       ,      i.  f    4860-41     5468-02 

'  by  diagrams,  ,  |  10324  43 

Percentage  of  steam  accounted  for,              .  83*191 
Steam  per  indicated  horse-power  per  hour   by 

boiler,         .                 .                 .                '.  •      31-956 

Steam  per  indicated  horse-power  per  hour  by  |  25*364       27*774 

diagrams,                     .                  .                \  26569 
Coal  per  indicated  horse-power  per  hour  by  actual 

evaporation,                 .                 .                 .  5-359 

Coal  per  indicated  horse-power  per  hour  9  to  1,  3*551 

Relative  capacity  of  engines,               .                  .  '9733       1-0000 

"       economy  "         "             .                 •  10000        '9132 

In  the  engraved  diagrams,  which  by  the  liberality  of  the  Baldwin 
Locomotive  Works  are  made  a  part  of  this  paper,  all  the  original  lines 
have  been  faithfully  copied  by  Mr.  J.  Snowden  Bell,  who  reproduced 
the  cards  for  the  engraver ;  and  have  been  selected  with  a  view  to 
exhibiting  gniphically  the  action  of  the  engines  under  test-trial.  The 
diagrams  have  been  worked  together,  and  are  qards  of  the  same  series 
from  both  engines. 

The  diagrams  are  produced  in  the  following  order : 
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Twin  Creek,  No.  1. 

Right, 

Boiler  pressure, 

. 

. 

.     140- 

Initial 

. 

135- 

Cut-off  in  fraction  of  stroke, 

. 

•6618 

Release 

. 

•9075 

Terminal  pressure, 

. 

. 

.       79^50 

Counter          " 

. 

1-126 

Exhaust  closure, 

, 

. 

•1982 

Mean  effective  pressure. 

111-190 

Revolutions, 

. 

. 

.       51. 

Indicated  horse-power, 

•                 • 

136157 

Boiler  pressure, 

. 

. 

.     140- 

Initial 

136-75 

Cut-off, 

. 

. 

•7000 

Release, 

•91# 

Terminal  pi'essure. 

. 

. 

.       84-687 

Counter          ^' 

-875 

Exhaust  closure,    . 

, 

. 

-1331 

Mean  effective  pressure, 

112-320 

Revolutions, 

. 

. 

.       51. 

Indicated  horse-power, 

137-.391 

Cincinnati,  No.  24. 

Right 

Boiler  pressure. 

. 

.     130- 

Initial 

•                  • 

123-375 

Cut-off  in  fraction  of  stroke, 

•5580 

Release      " 

•                  • 

•8901 

Terminal  pressure, 

. 

.       59-625 

Counter          " 

. 

1-75 

Exhaast  closure. 

. 

•2450 

Mean  effective  pressure, 

>   . 

89127 

Revolutions, 

. 

.       67-51 

Indicated  horse-power. 

neft. 

144-470 

Boiler  pressure. 

• 

• 

.     130- 

Initial 

. 

124-125 
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•3\JO 

Cut-off  in  fraction  of  stroke, 

,                 . 

•6000 

Release 

. 

•9022 

Terminal  pressure, 

• 

•                 • 

.       62-125 

Counter           " 

•                 • 

2-312 

Exhaust  closure, 

. 

•                 • 

•1824 

Mean  effective  pressure. 

. 

92-055 

Revolutions, 

, 

■                 • 

.       67-51 

Indicated  horse-power, 

. 

149-08.3 

Cincinnati,  No.  5, 

Bight. 

Boiler  pressure. 

. 

.     132- 

Initial       " 

114-375 

Cut-off  in  fraction  of  stroke. 

-4740 

Release 

•8362 

Terminal  pressure, 

• 

.       43-375 

Counter         " 

1-875 

Exhaust  closure. 

• 

•3304 

Mean  effective  pressure. 

70-407 

Revolutions, 

, 

.     120-02 

Indicated  horse-power. 

Left. 

202-894 

Boiler  pressure. 

• 

.     132- 

Initial        " 

115-625 

Cut-off  in  fraction  of  stroke. 

•5000 

Release 

-8770 

Terminal  pressure, 

. 

.       t7-937 

Counter          " 

1-875 

Exhaust  closure. 

• 

-2275 

Mean  effective  pressure, 

74-064 

Revolutions, 

. 

.  •                 • 

.     120-02 

Indicated  hoi-se-power, 

• 

213-290 

Cincinnati,  No.  (n 

Right. 

Boiler  pressure. 

• 

. 

.     129 

Initial        " 

•         /        ' 

11 2*375 

Cut-off  in  fraction  of  stroke, 

•         • 

•3309 

Release 

. 

•8192 

Terminal  pressure, 

• 

•         • 

.      32^000 

Whoub  No.  Vol.  CVII.— (Third  Sekiks,  Vol.  Ixxvii.) 

22 
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Counter  pressure, 
Exhaust  closure, 

• 

2-062 
•3761 

Mean  effective  pressure, 
Revolutions, 

• 

62-500 
.     106-69 

Indicated  horse-power, 

•                 . 

134-490 

Boiler  pressure, 
Initial        " 

Left. 

.     129- 
112  625 

Cut>-off  in  fraction  of  stroke, 

•3880 

Release          "               '' 

•8448 

Terminal  pressure. 
Counter          " 

.       37-000 
2-000 

Exhaust  closure. 

•3265 

Mean  effective  pressiu-e, 
Revolutions, 

58-208 
.     106-69 

Indicated  horse-power. 

148-977 

Hamit/pon,  No.  14. 

Boiler  pressure, 
Initial 

Right. 

.     135- 
122-344 

Cut-off  in  fraction  of  stroke. 
Release          "               " 

-3309 
•8192 

Terminal  pressure. 
Counter          " 

.       33  062 
10-876 

Exhaust  closure, 

-3761 

Mean  effective  pressure, 
Revolutions, 

•                                  • 

45-927 
.     170-21 

Indicated  horse-power. 

Boiler  pressure, 
Initial       " 

Jjeji. 

187-698 

.     135- 
121-760 

Cut-off  in  fraction  of  stroke, 

•3880 

Release          "               "   • 

,                 , 

•8448 

Terminal  pressure. 
Counter          " 

.      37-260 
8-437 

Exhaust  closure, 

•3265 

Mean  effective  pressure. 
Revolutions, 

• 

51794 
.     170-21 

Indicated  horse-power. 

. 

211 '485 
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Cincinnati,  No.  35. 

Right. 

Boiler  pressure, 

.       98- 

Initial       " 

•                 •                  < 

79  312 

'Cut'-oflF  in  fraction  of  stroke, 

•3309 

Release          "               " 

•                  • 

•8192 

Terminal  pressure, 

.       20-312 

■Counter          '^ 

•                  •                  ■. 

2875 

Exhaust  closure. 

•3761 

Mean  eifective  pressure;, 

•                  •                 • 

32-420 

Revolutions, 

.     208^33 

Indicate<l  horse-power, 

•                 •                 ■ 

Left, 

162^170 

Boiler  pressure,              >    . 

. 

.       98- 

Initial       " 

•                  • 

76-938 

Cut-oft*  in  fraction  of  stroke, 

,                  , 

•3880 

Release  in       "         "     " 

•                  •  "               • 

•8448 

Terminal  pressure, 

. 

.       21-375 

•Counter         " 

« 
•                  •                  • 

2-750 

Exhaust  closure. 

•                  • 

•3265 

Mean  effective  prcKsure, 

.                  •                  • 

33-936 

Revolutions,     • 

,                  , 

.     208-33 

Indicated  horse-i)ower. 

. 

169-597 

The  general  excellence  of  the  engines  from  which  these  diagrams 
Avere  taken  will  be  apparent  to  engineers  familiar  with  the  indicator ; 
at  the  same  time  it  should  be  remembered  that  the  valves  were  set 
entirely  by  the  marks  on  the  valve  stems  and  guide  bars. 

The  diagrams  would  be  eminently  creditable  to  many  an  automatic 
cutr-oft*  engine  wherein  the  admission  and  cut-off*  are  conj:rolled  by  one 
valve  or  system  of  valves,  and  the  release  and  exhaust  closure  regulated 
by  another  valve  or  system  of  valves,  as  in  the  Corliss  engine ;  as  it  is, 
a  single  D  slide  valve,  oi)erated  by  a  pair  of  eccentrics  and  a  shifting 
link,  performed  all  the  functions  of  lead,  port-opening,  cut-off*,  release 
and  exhaust  closure. 

The  diagrams  are  worthy  of  study  and  emulation  by  builders  of  fixed 
cut-off*  engines ;  for  the  locomotive  is  simply  a  fixed  cut-off*  engine, 
variable  by  hand.  But  so  long  as  fixed  cut-off*  engines  are  controlled 
in  speed  by  the  present  system  of  governor  which,  as  it  were,  throttles 
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the  engine  in  the  act  of  respiration,  but  little  improvement  can  be 
expected  in  the  realized  effect  of  valve  motion. 

,  The  ordinary  throttling  governor  is  a  nuisance  that  should  not  be 
tolerated  by  intelligent  steam  engine  builders,  for  in  the  best  form  it 
robs  the  steam  of  twenty  per  cpiL  of  its  m  viva  in  effecting  regulation, 
and  the  high  relative  economy  of  the  standard  automatic  out-off*  engine 
is  entirely  due  to  admitting  steam  at  or  near  the  boiler  pressure  and 
cutting  off  the  quantity  required  to  overcome  the  resistance,  instead  of 
wire  drawing  the  steam  until  the  mean  pressure  is  equivalent  to  the 
re^tance  per  square  inch  of  piston. 

In  the  locomotive  engine,  whilst  the  communication  between  Ae 
steam-dome  and  cylinder  is  not  as  free  with  early  points  of  cut-off  a* 
in  the  automatic  engine,  the  wire  drawing  is  very  much  less  than  in 
throttling  engines ;  and  if  a  valve  gear  be  devised  for  lococomotives 
whidi  will  produce  a  maximum  opening  of  steam  port  for  all  pointe 
of  cut-off;  then  for  equal  initial  pressures  and  grades  of  expansiwi 
the  economy  of  the  locomotive  and  automatic  engines  (size  of  cylinder 
and  speed  of  piston  considered)  would  approximate. 

For  a  given  speed,  given  load,  and  given  condition  of  track,  the 
resistance  Ls  represented  by  a  certain  mean  pressure  per  square  inch  of 
piston  for  a  single  stroke  or  for  any  number  of  strokes,  with  the 
elements  affecting  the  resistance  unchanged ;  and  a  nearer  approxima- 
ti(Hi  of  the  initial  pressure  in  the  cylinder  to  that  of  the  boiler,  reduced 
friction  in  the  port  opening  as  the  steam  flows  in,  steam  line  declining 
leas  to  the  point  of  cut-off,  earlier  cut-off  and  higher  grade  of  expan- 
sion, would  improve  the  economy  of  performance  of  the  locomotive 
without  impairing  its  efficiency  otherwise.  It  is  possible  to  do  all  this 
without  materially  altering  the  existing  valve  gear. 


Imitation  Oold. — Messrs,  Maflre  &  Co.  make  an  alloy  whiA 
resembles  gold  in  color  and  resistance  to  oxidation,  by  melting 
together  in  a  crucible  800  grammes  of  pure  copper,  25  grammes  of 
platinum,  and  10  grammes  of  tungstinic  acid.  When  thoroughly 
melted,  the  mass  is  granulated  by  letting  it  run  into  water  which  con- 
tains 500  grammes  (17*64  oz.)  slaked  lime,  and  500  grammes  of  potash 
per  cubic  metre  (35*32  cu.  ft.).  The  granulated  alloy  is  dried,  re-melted 
and  170  grammes  (6  oz.)  of  gold  are  added  and  thoroughly  incorpo- 
rated.— Fortsch,  der  ZeU.  C. 
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ON  THE  DRIVING  POWER  OF  LEATHER  BELTS. 
By  J.  H.  Cooper. 


In  the  Journal  of  the  Franklin  Institute  for  November, 
1878,  is  given  a  translation  of  Laborde's  researches  on  the  principle  of 
the  employment  of  belts  for  transmitting  power. 

The  rules  and  tables  forming  part  of  this  essay  are  restricted  to  driv- 
ing belts  which  embrace  but  half  the  circumference  of  the  pulleys, 
:ajid  for  this  reason  they  have  a  very  limited  application  in  practice. 
In  order,  therefore,  to  extend  the  usefulness  of  Laborde's  work  to  the 
•calculations  of  belts  on  pulleys  of  unequal  diameter,  which  comprise 
much  the  greater  number  of  cases,  the  "  observations"  of  Mr.  J.  Heil- 
mann  are  given  below,  a  manuscript  copy  of  which  was  kindly  fur- 
nished to  the  writer  by  Mr.  V.  Steinlen,  of  Mulhouse. 

"  Observations  on  the  friction  of  Belts  upon  the  surface  of  pulleys  and  upon  the  width 
ito  give  to  Belts  in  special  cases;  communicated  to  the  Industrial  Society  at  the  general 
meeting,  May  27th,  1835,  by  Mr.  Paul  Ileilmann,  former  student  of  the  Polytechnic 
School. 

'*  At  the  general  meeting  of  the  society,  held  on  the  29th  of  May, 
1833,  Mr.  Joshua  Heilmann  made  you,  in  the  name  of  the  Committee 
on  Mechanics,  a  report  on  the  memoir  of  Mr.  Laborde  concerning 
the  width  of  belts  for  transmission  of  power.  In  this  report  it  is 
-demonstrated  that  the  table  of  Mr.  Laborde  cannot  be  applied  except 
to  the  es})ecial  ciise  of  two  pulleys  of  the  same  diameter,  and  conse- 
•quently  each  one  is  enveloped  half  of  it'^  periphery. 

"  The  inquiry  made  by  the  society  in  its  department  proved  in  eifect 
that  for  such  a  special  case  the  dimensions  indicated  by  the  table  are 
good ;  but  in  other  cases,  and  those  which  occur  most  frequently,  the 
table  will  no  longer  answer. 

**  Having  occupiecl  myself  in  the  search  for  the  true  laws  relating  to 
this  theory,  as  yet  but  little  applied  in  the  arts,  and  believing  to  have 
solved  the  question,  I  arrived  at  the  conclusions  which  I  have  the 
honor  to  submit  to  the  society. 

^*  Before  speaking  of  the  width  of  the  belt  it  is  necessary  to  consider 
and  to  study  the  friction  of  the  belt  upon  the  surface  of  tht  pulley ; 
and  to  find  the  true  expression  of  this  friction  we  must  necessarily 
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<x)nsider  the  case  of  a  pulley  invariably  fixed,  and  with  the  belt  only- 
movable  ;  then  admit  that  there  be  applied  to  the  belt  in  the  direction 
of  its  axis  on  the  one  side  a  force  ecpal  to  the  resistance  and  on  the 
opposite  side  a  force  equal  to  the  true  motive  i)ower. 

^  In  this  manner  we  shall  have  the  friction  at  the  circumference^ 
while  if  we  had  stipiK)sed  the  pulley  movable  on  its  axis,  the  results- 
would  only  have  shown  the  friction  at  the  centre,  arising  from  the 
pressure  of  the  belt  transmitted  to  the  pulley. 

"  The  science  of  applied  mechanics  gives  the  formula  relating  to  this 
subject  as  follows :  Calling 

P,  the  resistance  to  be  overcome, 
e,  the  base  of  Naperian  logarithms, 
/,  the  coefficient  of  friction  of  leather  ujx)n  cast  iron, 
if,  the  radius  of  the  pulley, 
s,  the  length  of  the  arc  of  contact, 

"  This  formula  is  written  thus : 

fa 


Friction  =  P  l{e)  ^  —  l) 


"  In  considering  this  formula  it  is  easy  to  see  that  the  friction  dimin- 
ishes rapidly  when  the  radius  increases,  and  that  it  augments  rapidly^ 
with  the  length  of  the  arc;  of  contact,  which  explains  a  fact  well 
known  in  practice. 

"  But  it  is  to  be  noticed  that  the  ratio  ^  is  a  (constant  quantity  for 
the  same  angle,  whatever  may  be  the  radius  of  the  pulley,  because  the 
circumferences  and  consequently  the  arc^  of  a  same  number  of  degrees 
are  proportional  to  their  radii.  It  results,  therefore,  that  the  friction  is 
the  same  for  the  same  angle  of  contact  whatever  may  be  the  radius  of 
the  pulley ;  or,  in  other  words,  that  the  length  of  the  an;  of  contact 
should  be  projiortional  to  the  radius  of  the  pulley  to  produce  the  same 
friction,  all  the  rest  being  equal.     A  result  of  great  simplicity. 

"  All  this  being  considered,  we  see  that  the  laws,  concerning  the  fric- 
tion of  curved  surfaces  are  very  diiferent  from  those  which  relate  to 
plane  surfaces. 

"  Thas  for  plane  surfaces  the  ratio  of  friction  to  the  pressure  is  con- 
stant, whatever  may  be  the  extent  of  the  surface,  while  with  the  cylin-^ 
drical  surfaces  of  which  we  speak,  on  the  contrary,  the  ratio  varies  not 
with  the  extent  of  the  surface,  but  with  the  proportional  part  of  the 
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circumference — with  the  number  of  degrees  comprised  in  the  arc  of 
contact. 

"  It  is  easy  to  account  for  this  difference. 

"  A  plane  surface  under  pressure  is  increased  in  size,  the  elements 
of  surfaces  which  are  added  are  all  alike,  and  what  is  more  important, 
are  all  equally  pressed  over  the  entire  extent  of  the  surface,  each  inch 
square,  for  example,  receiving  the  same  pressure. 

"  But  let  us  consider  a  cylindrical  surface  pressed  by  a  belt  in  the 
direction  of  pressure  perpendicular  to  the  axis,  the  pressure  is  not  uni- 
form ;  it  is  a  maximum  at  that  point  where  the  tension  of  the  belt  is 
a  maximum,  since  it  is  always  the  sum  of  the  components  in  the  direc- 
tion of  the  radii  of  the  tensions  of  the  adjoining  elements. 

"  This  pressure  diminishes  towards  the  two  extremities,  and  if  an 
element  of  surface  be  added  to  the  arc  of  contact  the  pressure  will 
have  another  distribution  on  the  surface,  and  the  friction  will  change. 

"  This  reasoning  is  not  applicable  to  the  case  where  the  surface  of 
the  belt  is  increased  in  the  direction  of  its  width,  because  tlien  any  sec- 
tion whatever  perpendicular  to  the  length  of  the  belt  receives  always 
the  same  pressure  as  before. 

"  It  follows  then,  that : — 

"  The  friction  is  the  same  for  a  same  angle  and  a  same  tension, 
whatever  may  be  the  width  of  the  belt. 

"  We  see  then,  that  the  friction  of  a  belt  upon  a  pulley  dei)en<ls 
1st.  On  the  pressure  or  on  the  tension  of  a  belt. 
2d.  On  the  angle  of  contact. 

"  And  that  the  friction  is  independent 

1st.  Of  the  diameter  of  the  pulley. 
2d.  Of  the  width  of  the  belt. 

"  The  friction  is  proportional  to  the  pressure. 

"  According  to  the  formula  cited  above  I  have  constructed,  with  the 
aid  of  logarithms  the  following  table,  which  gives  the  ratio  of  friction 
to  pressure  for  any  angle. 

"  The  ratio  of  friction  to  pressure  for  leather  upon  plane  surfaces  of 
cast  iron  have  been  taken  from  the  experiments  of  Mr.  Morin  ;  I  have, 
however,  verified  the  figures  with  a  belt  such  as  is  in  use  in  cotton 
mills. 

"  All  the  results  relate  to  the  cases  where  the  machine  paases  from  a 
state  of  rest  to  that  of  motion,  the  case  in  which  the  maximum  of 
force  is  necessary. 
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**  Now  let  U8  examine  what  part  the  breadth  of  the  belt  plays  under 
these  eirc^unistances.  It  is  evident  after  what  has  b^n  said  that  the 
smaller  the  angle  of  contact  is,  the  greater  the  strain  whicli  mustrbe 
put  upon  the  belt  to  transmit  a  given  force;  because  the  force  it' is 
possible  to  transmit  by  the  pulley  is  always  inferior,  or  at  the  most, 
equal  to  the  friction  produced  upon  the  surface ;  if  the  resistance  (rf 
the  machine  were  greater,  the  belt  would  slip  on  the  pulley.  N^ 
here  the  width  of  the  belt  serv^es  no  other  purpose  but  to  give  to  tfie 
belt  a  resistance — a  strength  sufficient  to  sustain  this  tension  without 
stretching  or  breaking. 

^*  This  tension,  and  with  it  the  width  of  the  belt,  must  necessarily 
be  in  inverse  ratio  to  the  figures  presented  in  my  table.  Consequently, 
in  practice,  we  must  employ  the  table  of  Mr.  Laborde  in  the  following 
manner,  modified  by  what  I  have  the  honor  to  present,  a  method  by 
which  one  can  convince  himself  that  the  widths  indicated  by  Mr. 
Laborde  may  sometimes  be  ineretused  in  a  tenfold  proportion,  or  be 
reduced  to  a  third,  according  to  circ'umstances. 

^*  In  the  first  place,  in  practice,  we  should  determine  the  number  of 
man-  or  horse-power,  the  maxinmm  force  to  be  transmitted  by  the  belt 
and  the  speed  at  which  it  is  to  be  driven,  whiqh  will  indicate  a  certain 
breadth  in  inches  given  by  the  table  of  Mr.  Laborde.  Then  measure, 
in  degrees,  on  the  surface  of  the  smaller  pulley,  i,  e.,  the  least  envel- 
oped, the  arc  of  contact  with  the  belt.  Then  find  in  my  table  the 
figure  which  expresses  the  ratio  of  friction  to  the  pressure  correspond- 
ing to  an  angle  of  180°,  which  served  as  the  basis  of  construction  of 
Mr.  Laborde's  table;  then  multiply  the  breadth  found  by  this  figure,  and 
divide  the  product  by  the  ratio  of  friction  to  the  pressure  correspond- 
ing to  the  angle  of  contact  found. 

*^  Example :  Required,  the  width  of  belt  to  transmit  a  force  of  2 
house-power  with  a  speed  of  500  feet  per  minute,  the  angle  of  contact 
of  the  smaller  pulley  being  120°. 

"  I  find  in  the  table  of  Mr.  Laborde  6  inches,  which  I  multiply  by 
l^f^;  I  have  then  9  inches  and  7  lines. 

"Example:  3  man-power,  speed  400  feet  per  minute,  angle  240°; 
I  find  1  inch  and  9  lines,  wliich  I  multiply  by  |^f^,  and  I  have  for 
the  result  1  inch  and  3  lines. 

**  I  will  add,  however,  that  one  must  not  forget  that  the  weight  of 
theljelt  and  its  friction  when  it  is  crossed  are  also  factors  to  be  intro-^ 
duced  into  the  formula,  if  rigorous  exactness  is  to  be  attained.     How- 
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-ever,  it  is  easy  to  see  that  their  figure  is. too  small  to  embarrass  the 
practical  mechanic,  who  in  all  cases  should  not  hesitate  to  give  an 
excess  to  the  width  above  that  which  proceeds  from  the  calculations 
here  given. 
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New  Voltaic  Battery. — M.  A.  Heraud  uses  chlorohydrate  of 
ummonia  and  calomel.  When  the  circuit  is  closed  the  chlorohydrate 
of  ammonia,  in  the  presence  of  zinc,  forms  a  chloride  of  zinc  with  Ae 
transference  of  ammonia  and  hydrogen  to  the  j)Ositive  electrode.  The 
hydrogen  reduces  the  calomel,  yielding  metallic  piercury,  chlorohydric 
^d,  and  consequently  chlorohydmtc  of  ammonia.  As  long  as  th^re 
remains  any  of  the  calomel  about  the  positive  electrode  the  chloro- 
hydrate of  ammonia  will  be  regenerated.  In  a  battery  of  nine  elements 
the  intensity  was  '7.*]  at  the  end  of  227  days,  and  '50  at  the  end  of  984 
<lays,  the  primitive  intensity  being  1.  When  compared  to  sulphate  of 
copper  the  mercury  gave  an  intensity  of  1*4512  at  the  beginning,  and 
1*0749  after  six  months'  use. — Compter  Rendus,  d 
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ON   THE   ACTION   OF   FATTY    MATTER   IN   STEAM- 
BOILERS. 


By  G.  Perkyra,  Mining  Engineer. 

Translated  from  the  Annaiei<  des  Mines  of  1878,  by  ('hief  Engineer  Ishekwood, 

U.  S.  Navy. 


For  many  years  past  the  water  of  condensation  of  the  exhaust  steam 
from  steam-engines  has  been  used  for  feeding  boilers.  The  practice^ 
though  possessing  advantages,  among  which  is  economy  of  fuel,  is  not 
without  drawbacks,  for  numeroas  accidents  have  attended  it,  which 
have  been  attributed  to  the  fatty  matter  contained  in  this  water  ot* 
condensation. 

The  practice  may  be  divided  into  the  two  cases  of  the  exclusive  use 
of  the  water  of  condensation,  and  of  the  use  of  tliat  water  mixed  with 
spring  or  river  water.  The  first  has  been  made  the  subject  of  a  recent 
communication  from  Mr.  Hetet  to  the  Academy.  That  scientific 
(jhemLst  points  out  deep  corrosions  of  tlie  boiler  and  the  formation  of 
black  dense  depasits,  mixed  with  oxide  of  iron,  which  adhered  strongly 
to  the  metal  and  caused  it  to  \)e  overheated  or  burned.  He  also  })oints 
out  that  this  corrosion  and  its  resulting  accidents  could  be  avoided  by 
neutralizing  with  lime  the  fatty  acids  contained  in  the  feed-water.  The 
process  is  excellent,  but  only  on  the  condition  that  the  water  thus 
treated  is  separated  afterwards  by  decantation  or  better  still,  by  filtration 
from  the  lime-soap  thus  formed.  The  facts  to  be  given  in  this  paper 
will  be  found  to  fully  justify  this  condition. 

The  mixing  of  the  water  of  condensation  with  spring  or  river  water 
causes  greasy-lime  deposits,  whose  effects  on  boilers  are  still  the  subject 
of  numerous  controversies.  Some  engineers  deny  the  injurious 
influence  of  these  deiK)sits,  considering  them  no  worse  than  ordinary 
scale;  while  others  attribute  to  them  the  most  |>ernicious  action.  An- 
other class  entertains  the  intermediate  ojnnion,  that  in  certain  cases  and 
with  certain  kinds  of  water,  fatty  matter  in  the  boiler  can  be  productive 
of  serious  damage. 

I  am  of  this  latter  opinion,  for  observ^ed  faints  show  both  the  former 
ones  to  l)e  too  absolute.  But  in  what  cases,  and  with  what  waters,  has 
the  fatty  matter  a  jKirnicious  action?     I  think  these  questicms  have  not 
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yet  been  answered.  I  neither  pretend  to  specify  all  the  possible  cases^ 
nor  to  formulate  a  theory  invulnerable  to  criticism ;  I  limit  myself  to- 
describing  the  results  of  some  observations  and  experiments,  and  to- 
stating  the  conclusions  which  I  believe  I  have  logically  drawn  from 
them,  submitting  the  whole  to  the  appreciation  of  specialists. 

Properties  of  greasy-lime  deposits. — From  a  much  damaged  boiler  I 
gathered  a  deposit  of  the  following  composition : 

Carbonate  of  lime,       .  .  .         83*747 

Carbonate  of  magnesia,        .  .  2*707 


Sulphate  of  lime, 

Lime  in  excess,     . 

Organic  matter. 

Fatty  matter. 

Oxide  of  iron. 

Silica,   . 

Water, 

Not  ascertained  and  loss. 


2-042 
8137 
2-240 
1-010 
2-225 
1-900 
6-800 
0-192 


Total,  .  .  .       100-000 

This  pulverulent  deposit  is  of  a  greyish  color,  adheres  but  slightly 
to  the  heating  surfaces  of  the  boiler,  and  has  the  peculiarity  of  not 
being  made  wet  by  cold  water,  on  the  surface  of  which  it  floats,  but 
during  ebullition  it  is  promptly  made  so  and  mixed  with  the  liquid. 

On  the  same  fire  I  placed  two  identical  vessels,  each  containing  the 
same  quantity  of  water,  to  which,  in  one,  I  added  a  quantity  of  the 
above  greasy-lime  substance.  The  ebullition  in  the  two  vessels  was^ 
very  different,  being  tranquil  with  the  pure  water  and  tumultuous  with 
the  water  containing  the  greasy-lime  substance.  The  latter  liquid  had 
a  singular  appearance:  it  had  become  an  emulsum  with  a  considerably 
increased  volume,  being  comparable  in  all  respects  to  milk  in  violent 
ebullition.  The  experiment,  which  was  several  times  repeated,  showed 
the  emulsion  to  be  more  intense,  other  things  equal,  as  the  quantity  of 
the  greasy-lime  substance  was  greater;  but  I  found  the  proportion  of 
about  one-half  of  one  per  centum  was  sufficient  to  initiate  the  pheno- 
menon. 

The  ebullition  of  water,  whether  with  ordinary  calcareous  deposits, 
or  containing  different  salts,  such  as  the  carbonate  and  sulphate  of 
lime,  the  carbonate  of  magnesia — even  in  the  calcined  state — sulphate 
of  baryta,  etc.,  eithei  separately  or  together,  produced  no  similar  emul- 
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«ion.  Finally,  the  same  greasy-lime  substance,  on  being  calcined  at  a 
high  temperature,  lost  all  its  t>'pical  qualities :  it  could  be  made  wet  witli 
cold  water,  and  no  longer  produced  any  emulsion  on  ebullition. 

The  emulsion-making  property  of  this  greasy-lime  substance  must, 
therefore,  be  necessarily  attributed  to  the  fatty  matter  it  contained;  for 
that  the  different  organic  matters  which  disappeared  with  the  grease  by 
the  calcination  could  have  any  influence  on  that  property  is  not  sup- 
posable,  because  the  nature  of  these  matters  is  evidently  the  same  as 
that  of  the  organic  substances  in  ordinary  boiler-scale,  which  produces 
no  emulsion. 

I  likewise  made  different  analogous  experiments  with  the  greasy- 
lime  substance,  in  which  the  proportion  of  grease  varied  from  sixteen 
to  twenty-five  j)er  centum,  the  kind  of  mineral  matter  with  which  it 
was  combined  remaining  always  the  same,  whetlier  of  carbonate  and 
sulphate  of  lime,  or  of  carbonate  of  magnesia,  or  of  silica,  etc.,  and  I 
observed  the  same  phenomenon  of  emulsion  except  in  the  following 
three  cases: — 

1.  That  of  a  deposit  containing  seventy-six  per  centum  of  fatty 
matter,  taken  from  the  hot  well  of  tlie  engine  of  a  sugar  manufactory. 

2.  That  of  a  deposit  containing  forty-four  per  centum  of  fetty  matter, 
taken  from  a  boiler  supplying  steam  to  a  condensing  engine. 

3.  That  of  a  deposit  taken  from  a  part  of  a  boiler  which  had  been 
exposed  to  the  ac^tion  of  the  atmosphere  for  more  than  a  year.  (The 
greasy-lime  substance,  on  the  contrary,  taken  from  a  sheltered  part  of 
the  same  boiler,  and  therefore  not  exposed  to  the  action  of  the  atmos- 
phere, was  emulsion-making.) 

These  three  deposits  could  be  made  wet  by  cold  water. 

Finally,  I  made  other  experiments  of  the  same  kind  on  some  greasy- 
lime  substancxis  that  were  very  rich  in  fatty  matter  (from  thirty  to 
seventy-five  per  centum).  The  analyses  of  these  substances  disclosed 
a  considerable  proportion  of  oxide  of  iron,  indicjiting  an  intense  corro- 
sion of  the  boiler-plates  on  which  they  had  been  deposited.  When 
the  substances  rich  in  fatty  matter  were  pulverized  they  floated  on 
water,  but  by  ebullition  the  powder  soon  agglutinated,  sunk,  and  stuck 
to  the  bottom  and  sides  of  the  containing  vessel. 

But  when  the  substances  i)oor  in  fatty  matter  were  pulverized  the 
powder  did  not,  on  the  contrary,  agglutinate,  but  if  left,  after  having 
produced  an  emulsion,  to  sink  to  the  bottom  of  the  containing  vessel, 
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it  did  not  adhere,  although  allowed  to  remain  quiescent  for  several 
clays.   When  the  liquid  was  again  heated  the  emulsion  was  reproduced. 

A  last  experiment,  which  appeared  interesting  to  me,  consisted  in 
making  in  the  laboratory  an  artificial  greasy-lime  substance  by  the 
vaporization  of  limy  water  to  which  fatty  matter  had  been  added.  I 
took  the  limy  water  of  several  factories  where  emulsion-producing 
substances  had  been  found,  and  after  ascertaining  the  quantity  of  solid 
matter  in  solution,  I  added  the  necessary  quantity  of  fatty  matter  in 
the  proj>ortion,  approximately,  of  one-half  of  one  per  centum,  I 
discovered  that  the  substances  thus  formed  in  free  air  did  not  passess. 
the  emulsion-making  property. 

This  experiment  tends  to  prove,  in  my  opinion,  that  pressure  is 
necessary  to  the  production  of  an  emulsion-making  combination  of 
lime  and  fatty  matter ;  and  it  explains  the  previously  mentioned  non- 
"emulsion  making  property  of  the  greasy-lime  deposit  taken  from  the 
hot-well,  in  which  the  pressure  is  but  little  greater  than  that  of  the 
atmosphere.  It  also  explains  the  non-emulsion  making  property  of 
the  second  deposit  containing  forty-four  per  centum  of  fatty  matter. 
I  could  not  possibly  know  the  pressure  under  which  this  la^  deposit 
was  formed,  but  as  the  engine  was  a  condensing  one  the  supposition  of 
a  low  pressure  in  the  boiler  is  probable. 

It  does  not  appear  to  me  that  the  composition  of  the  water  has  the 
influence  on  the  properties  of  the  greasy-lime  deposit  which  some  engi- 
neers believe.  The  different  deposits  I  have  examined  contained  the 
ordinary  elements  of  spring  or  river  water,  but  in  variable  proportions, 
it  is  true.  If  there  were  any  variation  in  the  properties  of  these 
deposits  it  was  solely  due  to  the  more  or  less  quantity  of  fatty  matter 
they  contained,  and  to  the  circumstances  which  accompanied  their 
formation.  I  sum  up  these  properties  in  the  following  table : 
Deposit  with^ 

.  ^ .  >       Corrasive  property.         Adherence  to  the  metal, 

proportion.  J 

Formed  under  1  Deposit  made  wet  by  cold  water.  Same 
low  pressure.  J      properties  as  ordinary  boiler-scale. 


Deposit  with 
fatty  matter 

in  feeble 
proportion. 


)-  ^  Deposit  not  made  wet  by  cold  water,  Ls 

Formed  under  (  made  so  by  hot  water,  and  produces, 
high  pressure,  [an   emulsion  by  ebullition,  which  is. 
J  not  adherent  to  the  metal. 
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Action  on  the  boilei*  of  gredsy^ime  having  a  small  proportion  q/" 
gi'ease, — The  first  boiler  accidents  attributed  to  the  greasy-lime  sab- 
stance  occurred  in  Germany  in  1864;  and  later,  in  1867,  Mr.  Farcot 
made  an  interesting  communication  to  the  Society  of  Civil  Engineers 
on  the  injuries  to  a  tubular  boiler  having  1 722  square  feet  of  heating 
siu'face,  erected  in  the  factory  of  Pont-Remy.  These  injuries  were 
manifested  by  large  leaks  along  the  upper  seams  of  the  interior  furnace, 
and  after  prolonged  investigation,  they  were  attributed  to  the  greai^- 
lime  deposit.  By  the  ride  of  this  boiler  several  combined  cylinder 
boilers  were  fed  with  the  same  water,  without  injury,  and  this  fact  is 
worthy  of  remark. 

From  that  time  such  accidents  have  become  frequent;  occurring, 
notably,  in  a  great  number  of  sugar  manufactories,  and  especially  to 
tubular  and  semi-tubular  boilers.  In  tubular  boilers  the  seams  of  the 
inner  furnace  were  ruptured  and  the  stays  broken,  while  in  semi-tubu- 
lar boilers,  the  plates  which  received  the  hottest  impact*  of  the  flame 
were  ruptured,  the  fracture  following  the  first  circular  seam. 

These  accidents  were  attributed  to  the  greasy-lime  deposit  alone, 
because  it  was  remarked  that  from  the  moment  the  formation  of  the 
deposit  was  prevented,  the  accidents  ceased.  The  explanation  adopted 
up  to  the  present  time  is  that  the  greasy-lime  substance  did  not  beemne 
wet,  and  being  deposited  upon  the  boiler-plates,  isolated  them  from  the 
water,  in  consequence  of  which  they  became  overheated  and  the  acci- 
dents resulted. 

The  overheating  of  the  boiler-plates  is  not  to  be  doubted,  for  the 
nature  of  the  injuries  prove  it,  as  well  as  the  presence  of  carbonized 
matter  in  the  deposit ;  but,  in  my  opinion,  the  explanation  is  erroneous, 
for  the  deposit  does  not  adhere  to  the  boiler-plates,  and  further,  it  is 
made  wet  by  hot  water.  How  can  such  a  theory  explain  the  absence  of 
injury,  which  "I  have  established  to  be  the  fact  in  other  cases,  to  com- 
bined cylinder  and  semi-tubular  boilers  fed  in  the  same  manner  as  sim- 
ilar ones  which  were  injured  ?  The  emulsion-making  property  of  the 
greasy-lime  substance,  of  which  no  account  has  previously  been  taken, 
must  here  be  brought  forward,  and  the  explanation  of  the  phenomena 
ean  easily  be  deduced  from  it. 

I  remark,  at  the  beginning,  that  for  a  boiler  to  operate  properly,  it 
is  necessary,  in  the  first  place,  that  the  quantity  of  heat  furnished  by 
the  furnace,  in  a  given  time,  shall  not  exceed  the  quantity  of  heat 
which  the  metal  of  the  plates  can  transmit  in  the  same  time  to  the 
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liquid  to  be  vaporized ;  and  in  the  second  place,  that  all  the  heat  which 
traverses  this  metal  shall  be  integrally  absorbed  by  the  liquid. 

If  this  equilibrium  is  destroyed,  either  by  excess  of  heat  furnished 
by  the  furnace  or  by  reason  of  a  diminution  in  the  heat-absorbing 
power  of  the  liquid  to  be  vaporized,  there  necessarily  results  an  accu- 
mulation of  heat  in  the  metal  of  the  boiler  plates,  producing  a  consid- 
erable elevation  of  their  temperature.  This  overheating  will  occur 
•especially  in  those  plates  which  are  acted  on  by  the  radiant  heat  (direct 
heating  siu'face),  in  the  plates  of  the  connecting  pipes  of  combined  cylin- 
-der  and  semi-tubular  boilers,  and  in  the  tube-plates  and  crown-sheets 
of  furnaces  in  tubular  boilers,  the  effect  being  the  production  of  abnor- 
mal dilatations.  On  the  withdrawal  of  the  fire,  and  even  on  the  dim- 
inution of  its  intensity,  the  overheated  plates  cool  first,  so  that  during 
the  ordinary  use  of  the  boiler  its  plates  are  subjected  to  a  succession  of 
<li]atations  and  contractions  which  at  length  change  the  molecular  con- 
stitution of  the  metal,  strain  the  seams  and  end  by  causing  leaks  at  the 
rivets  and  fractures  at  the  weakest  places. 

Now,  in  my  opinion,  the  equilibriuui  which  characterizes  tlie  normal 
action  of  a  boiler  is  broken  when  the  emulsion-making  greasy-lime 
substance  begins  to  form  ;  for  the  mixture  of  steam  and  water  which 
<x>iistitutes  the  emulsion  produced  by  that  substance,  possesses  a  less 
heatrabsorbing  power  than  water.  The  overheating  of  the  plates  should 
now  commence,  and  from  that  moment  accidents  are  possible. 

The  extent  of  the  injuries  are  probably  governed  by  the  quantity  of 
the  substance  present,  on  the  one  hand,  and  by  the  time  during  which 
it  acte  on  the  other.  In  fact,  the  strength  of  the  emulsion,  and  conse- 
quently the  heatrabsorbing  capacity  of  the  mixture  of  the  substance 
and  water,  depend  on  the  quantity  of  the  substance.  The  influenee  of 
the  duration  of  its  action  appears  evident  to  me,  for,  in  the  case  of  a 
boiler  in  ordinary  use,  the  heating  and  cooling  are  periodic,  so  that  the 
expansions  and  contractions  are  numerous  just  in  proportion  to  the  time ; 
consequently,  as  the  substance  acts  longer  during  a  longer  time,  the 
molecular  changes  produced  in  the  metal  must  be  correspondingly 
greater. 

I  need  scarcely  add  that  for  a  determined  value  of  the  preceding 
elements,  the  quantity  of  heat  furnished  by  the  furnace  in  a  given  time 
remains  below  a  certain  maximum,  the  equilibrium  of  the  normal  action 
of  the  boiler  will  not  be  overthrown,  in  which  case  overheating  could 
not  occur,  but  the  production  of  steam  would  be  less. 
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It  is  conceivable  that  for  each  boiler  in  which  the  emulsion-making 
greasy-lime  substance  is  pnxluced,  there  exists  between  the  quantity  of 
heat  furnished  or  quantity  of  combustible  consumed,  the  quantity  of 
the  substance  and  the  length  of  time  during  which  it  acts,  a  proportion 
necessary  and  characteristic  of  that  boiler  as  regards  its  sensibility  to 
the  action  of  the  substance.  It  is  also  conceivable  that  when,  in  prac- 
tice, one  of  these  three  elements  passes  the  limits  detcFmined  by  that 
proportion,  a  serious  accident  will  happen,  whilst  below  that  limit  no 
accident  is  to  be  feared. 

Is  not  this  the  correct  theory  for  the  explanation  of  the  following 
facts?  The  semi-tubular  boilers  containing  1722  square  feet  of  heat- 
ing surface,  which  belong  to  a  sugar  manufactory  in  the  Department 
of  the  Aisne,  were  all  fed  with  a  limy  Mater  mixed  with  greasy  water 
of  condensation.  They  received  no  injury  during  the  first  year,  but 
during  the  second  year  they  all  fractured  in  an  identical  manner  at  the 
first  circular  seam.*  In  a  factor}-  in  the  suburbs  of  Paris,  some  com- 
bined cylinder  boilei's,  containing  775  square  feet  of  heating  surface^ 
have  been  in  daily  use  for  several  years,  with  emulsion-making  greasy- 
lime  deposits,  but  without  injur}'. 

The  particular  sensibility  of  any  boiler  to  the  action  of  these  depo- 
sits is  not  known,  as  observations  in  that  respect  have  not  been  suffi- 
ciently numerous,  and  direct  experiments  are  difficult  to  make ;  never- 
theless, I  believe  we  may  predict  that  one  type  of  boiler  will  be  more 
sensitive  than  another,  from  the  following  considerations. 

Among  the  boilers  commonly  employed  in  factories,  there  may  be 
discriminated  those  of  small  heating  surface,  such  as  the  combined 
cylinder  boilers  in  which  that  surface  rarely  exceeds  700  or  750  square 
feet ;  and  those  of  large  heating  surface,  such  as  the  tubular  and  semi- 
tubular  boilers,  in  which  that  surface  is  often  21,500  square  feet.  I 
shall  adopt  this  general  classification,  without  deeming  it  indispensible 
to  fix  the  exact  limits  of  each  category. 

Now,  in  any  boiler,  the  quantity  of  combustible  burned  in  a  given 
time  should  be  proportional  to  the  heating  surface ;  but,  for  an  economic 
vaporization,  the  grate  surface  should  also  be  proportional  to  the  quan- 
tity of  combustible  burned,  and  consequently  to  the  heating  surface. 
Various  practical  considerations  however,  and  among  others,  the  dil- 


*  After  these  accidents,  tlie  use  of  limy  water  was  abandoned,  and  the  boilers  have 
been  fed  with  distille*!  water,  since  which  time  no  further  accidents  have  happened. 
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iiculty  of  maintaining  and  cleaning  the  fire  on  large  grates,  has  led 
boiler  makers  to  limit  the  dimensions  of  the  furnaces,  from  which  may 
be  concluded  that  in  boilers  with  large  heating  surfaces  there  is  neces- 
sarily burned  considerable  quantities  of  combustible  per  unit  of  sur- 
face of  grate. 

The  heat  furnished  to  the  di7*eet  heating  surface  can  be  integrally 
absorbed  by  the  liquid  to  be  vaporized  only  to  the  extent  of  the  heat- 
absorbing  power  of  the  latter.  Now,  the  emulsion-making  greasy- 
lime  substance  has  exactly  the  effect  of  reducing  this  heat-absorbing 
power,  rendering  it  cK)nceivable,  in  view  of  the  great  quantity  of  com- 
bustible burned,  that  a  small  quantity  of  the  greasy-lime  substaince 
may  be  sufficient  to  destroy  the  equality  between  the  quantity  of  heat 
fiirnished  and  the  quantity  of  heat  absorbed,  and  to  cause,  conse- 
quently, overheating  of  the  boiler-plates  together  with  the  accidents 
which  accompany  it.  Therefore,  the  boilers  with  large  heating  sur- 
faces are  more  sensitive  to  the  action  of  the  greasy-lime  substance  than 
thase  with  small  heating  surfaces. 

Other  facts  confirm  this :  Before  the  introduction  of  tubular  and 
semi-tubular  boilers  into  factories,  accidents  from  the  greasy-lime  sub- 
stance were  very  rare,  and  even  its  existence  was  hardly  suspected. 
For  example,  in  the  factory  at  Pont-Remy,  the  combined  cylinder 
boilers  having  a  small  heating  surface,  acted  very  well,  although  fed 
with  a  mixture  of  limy  water  and  greasy  water  of  condensation ;  but, 
on  the  contrary,  a  tubular  boiler  of  1722  square  feet  of  heating  sur- 
face, fed  in  the  same  manner,  was  seriously  injured.  At  the  present 
time,  there  is  in  a  factory  a  combined  cylinder  boiler,  containing  775 
s(£uare  feet  of  heating  surface,  which  works  well,  although  the  greasy- 
lime  substance  is  constantly  produced  in  it.  Another  factory,  on  the 
contrary,  has  tubular  boilers,  containing  1722  square  feet  of  heating 
surface,  which  have  all  suffered  accidents  from  the  greasy-lime 
substance. 

To  sum  up :  When  fatty  matter  is  introduced  into  a  boiler,  it  forms 
greasy-iron  or  greasy-lime  deposits,  which  act  on  the  metal  of  the 
boiler  in  a  different  manner,  according  to  the  more  or  less  fatty  matter 
in  them ;  and  according  as  the  pressure  under  which  they  are  formed 
is  more  or  less  elevated.  If  the  deposit  is  very  rich  in  fatty  matter, 
it  is  corrosive,  adherent,  and  causative  of  overheating  at  the  places  of 
adherence.  If  the  deposit  is  poor  in  fatty  matter  and  was  formed 
under  a  low  pressure,  it  acts  simply  like  ordinary  boiler-scale ;  but,  if 
Whole  No.  Vol.  CVIT.— (Third  Series,  Vol.  Ixxvii.)  23 
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it  be  formed  under  a  hij^h  pressure,  its  action  is  entirely  special,  and  it 
•can  cause  accidents  by  overheating.  In  the  case  of  any  given  boiler, 
the  })robabilities  of  these  accident^  depend  on  the  quantity  of  the 
<leposit,  on  the  time  of  its  action,  and  on  the  quantity  of  combustible 
burned.  If  these  three  elements  exceed  certain  limits,  a  serious  acci- 
dent will  happen ;  but,  below  these  limits,  the  boiler  can  function 
without  danger.  Finally,  a  boiler  with  large  heating  surface  is  more 
sensitive  to  the  action  of  this  dei)osit  than  one  with  small  heating 
surface. 

ON  THE  INITIAL  EFFECT  OF  THE  EARTH'S  ROTATION 
ON  THE  FREE  PENDULUM. 


By  Thomas  William  Tobix, 

Professor  of  Pliysics  and  Chemistry,  Central  University,  Richmond,  Kentucky. 

The  pendulum  defined. 
Let  the  plane  of  vibration  of  a  pendukim  be  represented  by  BAG) 
Fig.  1.  For  the  purpose  of  demonstration,  let  A  be  considered  as  the 
point  of  origin  to  which  any  alteration  in  the  plane  BAC  is  to  be 
referred.  ^^  is  the  axis  of  vibration.  B,  a  fixed  point  about  which 
the  vibration  O  occurs. 

Fig.  1.  Fig.  2. 


AnyMeviation  of  the  plane  BAC  may  be  resolved  into  the  elemente 
AB  and  AC. 
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The  angle  of  the  earth's  deviation. 
We  will  first  consider  the  eflPect  of  the  earth's  revolution  upon  the 
element  A  C,  the  plane  of  vibration  being  north  and  south,  the  point 
A  as  represented  in  Fig.  2  and  point  C  perpendicular  to  AB  in  the 
axis  of  the  earth's  rotation.  The  length  o(  AC  will  remain  constant. 
In  Fig.  3  draw  CA  and  the  arc  AF  equal  to  the  space  passed  through 
by  the  point  A  in  a  given  time,  say  24  hours,  AF  will  then-  be  equal 
ix)  the  circle  of  latitude  at  A,  The  line  AC  will  be  at  CF.  Draw 
FG  parallel  to  AC.  It  is  evident  the  angle  at  jF  will  represent  the 
angle  of  deviation  that  the  earth  has  undergone  in  relation  to  the 
element  AC. 

To  find  the  value  of  the  angle  F  or  (7  its  equal : 
<Fig.  2)  As  CA  :  A' A  :  :  AD'  :  A'D' 

or  CA  :  cos.  lat.  :  :  rad.  :  sin.  lat. 

pA  cos.  lat. 

sin.  lat. 
(Fig.  3.)     On  CA  lay  off  CL  equal  to  the  cosine  of  latitude  {A A')  and 
draw  the  circle  LU, 

Now  circle  AF  :  circle  LL'  : :  CA  :  CL 
and  circle  AF  :  arc  AF  :  :  1  :  0 
.-.  CA  :  CL  ::  1  :  0 

lat. 


and  0  = = 

CA 


COS. 

cos. 


lat. 


=  sm. 


lat. 


sin.  lat. 

Any  inclination  east  or 
west  being  considered  as 
+  or  —  of  the  line  CA,  will 
be  +  or  —  at  GF  and  of 
equal  magnitude.  Both 
members  therefore  being 
satisfied  the  equation  will 
remain  unaltered. 

In  revolution  around  the 
earth  the  element  AC  is 
perfectly  free  to  continue  this  relation  to  itself  at  all  times.  In  the 
physical  nature  of  the  pendulum  there  is  no  opposition  offered  to  the 
several  points  A  and  C  Traversing  equal  spaces  in  equal  times,  they 
must  retain  the  same  relation  to  each  other.  Assuming  this  argu- 
ment to  be  true,  the  formula  is  not  an  approximation  but  absolute. 
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Fig.  4. 


But  the  element  AB  in  revolution  suifers  a  constant  alteration  by 
gravity  and  therefore  resistance. 

The  lateral  force. 
As  the  element  AO  in  tha  revolution  of  the  earth  remains  unaltered^ 
the  deviation  of  the  element  AB  will  indicate  the  whole  resistance 
encountered  by  the  plane  BA  0, 

Its  magnitude  will  be  represented  by 
(a)  .  .  .  .  The  quantity  of  motion  or  momentum  in  the  plane  BAC. 

Let  this  be  taken  as  a  constant. 
(6)  .  .  .  .  The  amount  of  lateral  deviation  of  the  point  B  in  relation 

to^a 

In  Fig.  4  the  \m\\i  A  is 
fixed  in  relation  to  the  earth, 
point  B  in  one  revolution 
of  the  earth  would  describe 
the  circle  EW.  If  the  ele- 
ment .1(7  is  situated  X.  and 
S.,  the  lateral  resisttuic*e  of 
point  B  may  be  estimated  by 
the  circle  EW  or  by  its 
radius  AB.  As  this  is  the 
greatest  circle  that  can  be 
described  by  B  and  the  lat- 
eral resistance  directly  oj>- 
posed  to  the  direction  of  B 
the  maximum,  we  may  de- 
signate the  resistance,  /•,  en- 
countered in  one  revolution  as 

(1)  .  .  .  .  the  plane  ^Vand  S,     r  =  rad.  X  1. 

If  the  plane  is  situated  as  at  E  W,  the  point  B  being  at  all  times 
in  the  same  plane,  the  lateral  resistance  will  be  0  and  we  have 

(2)  .  .  .  .  The  plane  E  and  W.     r  =  rad.  X  0. 

The  resistance  to  point  J?'  in  plane  N  S  will  be  measured  by  the 
circle  E^  W,  and  as  the  line  AB'  must  always,  by  the  influence  of 
gravity  on  the  axis  of  the  |>endulum  make  with  the  earth's  axis  an 
angle  equal  to  NAB',  the  circle  H  W  may  be  represented  by  cos.  lat, 
B^b ;  for  the  position  on  the  earth's  surface  where  the  pendulum  is 
placed.. 
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Next  in  regard  to  point  B^  let  the  plane  be  ^^  TF  as  in  Fig.  5,  the 
lateral  resistance  of  £^  through  the  circle  E^  W  will  be  the  normal 
-component  of  which  the 
spac^e  described  by  jS'  in 
revolution  is  the  resultant. 
The  other  component  is  in 
plane  GG  and  therefore 
inert. 

In  Fig.  6  B'A  is  the 
plane  of  inclination,  B'W 
the  line  of  direction.  B'  We 
is  therefore  resultant  of  which 
B'm  and  B'n  are  compo- 
nents. 
As  B'm  :  B^V  ::   sin.  lat. 

:  rad. 
.\B'm=zBnVx  sin.  lat. 
and  the  lateral  resistance  of 
point  B^  may  be  expressed 
(3)  ....  the  plane  iVand  JS. 
<4)  .  .  .  .  the  plane  jE' and  W. 


r  =  COS.  lat.  X  1. 
r  =  COS.  lat.  X  sin.  lat. 
We  have  now  to  consider  the  plane  B AC  in  any  position. 


Fig.  6. 


Fig.  7. 


The  plane  of  ixclination. 

The  normal  component  jS'w,  or  amount  of  resistance  encountered 

by  the  point  B^,  is  determined  by  the  angle  AB^  Wor  its  equal  B'AO. 

It  is  evident  from  the  foregoing  reasoning  that  any  point  in  the  plane 

^&,  Fig.  5,  as  for  example  F,  will  have  resistance,  r,  measured  by 
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the  circle  described  by  it  or  the  radiiis  of  that  circle,  multiplied  by  the 

normal  component  of  the  lateral  resistance  to  that  plane.     It  is  then 

necassary  to  ascertain  the  angle  made  by  any  plane  passing  through  A 

with  the  plane  of  the  earth's  rotation,  EW,  and  the  position  of  the 

point  B^  in  that  plane,  to  find  tlie  value  of  r. 

In  Fi2:s.  7  and  8  let  c  be  the 
Fig.  8. 

cosine  of  latitude,  BM  the  sine 

of  latitude,  BOM  the  given 
angle  of  the  plane  of  vibration 
at  £  from  jE  and  TF,  LIJ  the 
circle  of  latitute  at  B.  Join 
A  0  and  di  aw  BN  perpendic- 
ular to  AG.  Join  AB  and 
NB.     BNM  will  be  the  angle 

of  inclination  of  the  plane  ABO  to  the  plane  AMO,     It  is  required 

to  find  this  angle. 


y 


X 

c  z 


X  =  —  =  COS.  d  X  COS.  lat. 

y 

in  which  d  =  azimuthal  angle  of  the  plane  of  vibration  from  E 
and  W  and  x  =  cosine  of  angle  of  inclination  of  plane  of  vibration 
to  plane  of  the  earth's  rotation. 

Substituting  this  value  of  d  in  Equations  (1),  (2),  (3)  and  (4),  the 
general  formula  for  the  initial  lateral  resistance  of  point  B  will  be 

(5)  .  .  .  .  r  =  COS.  lat.  X  i/f— (cos.  d  X  cos.  lat)^ 
while  the  deviation  of  C  is 

(6)  .  .  .  .  ^  =  sin.  lat. 

The  effective  resisting  force. 

Let  as  now  consider  the  application  of  this  resisting  force  in  the 
performance  of  the  pendulum.  It  has  been  argued  that  an  augmen- 
tation of  the  angle  d  arises  from  it  and  observed  results  of  tliLs  angle  of 
deviation  are  in  excess  of  the  calculated  data.  Thus  at  Xew  Haven,, 
lat.  41^  18J'  X.,  the  calculated  angle  was  9*928°  per  hour  (Lyman) 
observed  angle,  9'97.  If  this  theory  were  true,  our  formula  predicts 
a  deviation  when  the  pendulum  vibrates  X.  and  8.  at  the  equator  I  Is 
observation  in  accordance  with  this  fact  ? 

A  more  rational  explanation  seems  to  be  furnished  in  the  elli[>tical 
motion  of  the  pendulum  after  starting. 


Digitized  by 


Google 


May,  1879.]  Tobirir  -The  Free  Pendulum.  .*]27 

In  Fig.  9  let  Cc  represent  the  original   vibration,   at  the  end   of 
given  time  let  the  lateral  resistance  be  indicated  by  BB\     The  vibra- 
tion about  5'  having  regard  to  the  persistence  of  the  plane       p.    ^^ 
Oe  will  assume  the  ellipse  whose  centre  is  at  B^  and  foci  at 
(7'  and  c\ 

If  this  theory  is  true  we  have  these  ellipses  in  the  same 
latitude  of  different  magnitudes  in  the  same  time  when 
the  pendulum  vibrates  N.  and  S.  and  E.  and  W.  At 
the  equator  the  conjugate  axis  will  be  maximum  X.  and  8. 
and  0  E.  and  AV.  At  the  }X)les  the  ellipses  will  disappear. 
In  general,  the  magnitude  of  the  minor  axis  will  be  deter- 
mined by  the  latitude  and  the  angle  of  the  vibmting 
plane  of  the  pendulum  from  E.  and  W.,  all  of  which 
may  be  inferred  from  the  foregoing  formula. 

ACCIDEXTAL   ELLIPTICITY. 

The  foregoing  results  are  based  upon  the  supposition  that  the  pend- 
ulum at  starting  receives  an  impulsive  force,  applied  at  the  centre  of 
oscillation,  while  the  pendulum  is  at  rest  in  its  axis  of  vibration,  A  B^ 
Fig.  1.  Practically,  this  is  never  achieved  in  experiment,  and  an  acci- 
dental lateral  force  is  the  result.  The  detention  of  the  pendulum  out 
of  the  axis  of  vibration,  the  method  usually  employed  in  starting  the 
experiment,  may  be  determined  in  the  tangentral  force  of  Prof.  Stanley. 
But  the  most  fruitful  sources  of  accidental  ellipticity  are  probably 
owing  to  the  imperfection  of  the  point  of  supjmrt  and  the  torsion  of 
the  suspending  medium.  In  the  latter  method  of  starting,  unless  the 
point  of  detention,  the  centre  of  oscillation  and  the  axis  of  vibration 
are  in  a  common  plane,  ellipticity  is  inevitable. 

The  best  results  I  have  obtained  were  by  using  the  rigid  pendulum 
and  clamping  the  cross-piece  described  in  the  "Sine  Pendulum/' 
Jour.  Fraxklin  Inst.,  vol.  civ,  p.  418,  so  as  to  confine  the  vibration 
to  one  plane.  On  releasing  the  cross-piece,  this  plane  of  vibration 
was  free,  or  nearly  free,  from  accidental  disturbing  causes. 


Coloring  to  Milk. — It  appears  that  milk  is  dyed  according  to  the 
food  given  to  the  cow.  If  fed  with  Anchma  thictoria  they  vield  a 
blueish  milk,  if  with  Rheum  palmatum  a  yellowhh,  smd  if  with  madder 
or  bed  ^traw  (Galium)  a  reddish. — Chem.  News. 


Digitized  by 


Google 


328 


D^Auria — Tidal  Heights, 


[Jour.  Frank.  Inst^ 


ON  THE  MEASUREMENT  OF  TIDAL  HEIGHTS. 

A  METHOD  PROPOSED  TO  ELIMINATE  THE  ACCIDENTAL  ERRORS 
OCCASIONED  BY  WAVE-MOTION  IN  TIDAL  OBSERVATIONS,  AND  TO 
OBTAIN,  UNAFFECrTED  BY  SAID  ERRORS  AND  AT  GIVEN  INTERVALS 
OF  TIME,  THE  REAL  TIDAL  HEIGHTS  OF  THE  SEA  LEVEL  FROM 
A   GIVEN   PLANE   TO   WHICH   SAID  OBSERVATIONS  ARE  REFERRED. 


Bv  L.  d'Auria. 


Fig.  1. 
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Let  a  vessel  F(Fig.  1)  be  immersed  and  fixed  in  the  sea,  and  the 
water  entering  it  through  a  small  orifice  0,  placed  at  its  bottom.     The 
sea  surjface  being  affected  by  wave-motion,  it 
^vill  oscillate  on  the  outside  of  said  vessel  verti- 
cally ;  and  if  the  horizontal  lines  LL  and  ^N 
represent,  respectively,  the  superior  and  inferior 
limits  of  the  oscillation  there,  the  velocity  of 
the  sea  surface  on  the  vessel  will  be  equal  to 
zero,  and  it  will  be  equal  to  its  maximum  when 
said  surface  reaches  its  middle  position  MM, 
Inside  of  the  vessel  Fthe  surface  of  the  sea  oscil- 
lates too,  and  whatever  may  be  its  oscillation,  itw 
middle  position  will  coincide  with  MM,     Indi- 
cating by  the   horizontal  lines  PPj   QQ,  respectively,   the   superior 
and  inferior  limits  of  the   internal   oscillation,  the  velocity  of  the 
sea  surface  inside  of  the  vessel  will  be  equal  to  zero  when  in  those 
limits,  and  will  be  equal  to  its  maximum  when  in  the  middle  position 
MM,     But  as  this  velocity  depends  upon  the  head  of  water  on  the 
orifice  0,  when  this  is  equal  to  zero,  or  when  the  external  level  is  iu 
coincidence  with  the  internal  one,  the  velocity  of  the  latter  will  be 
equal  to  zero ;  therefore,  this  coincidence  will  take  place  in  the  lines 
PP,  QQ,  and  it  will  be  easily  understood  that  when  the  coincidence 
takes  place  in  PP^  the  external  level  must  be  in  its  descending  phase,  and 
it  must  be  in  its  ascending  phase  when  the  coincidence  takes  place  in  QQ, 
From  the  foregoing  results  that  the  head  of  water  on  the  orifice  0 
nuist  be  equal  to  its  maximum  when  the  internal  level  reaches  its 
middle  position  3IM,     Xow  supposing  tlie  external  level  in  coinci- 
dence with  the  internal  one  iu  PPy  or  in    QQ ;    and   representing 
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by  t  the  period  of  the  waves,  in  ^t  the  internal  level  will  pass  from 
PP  or  QQ  to  MM ;  and  in  the  same  time,  it  is  evident,  the  external 
level  will  pass  from  PP  or  QQ^  respectively,  to  a  position  which  will 
be  above  NN  or  below  LL  ;  therefore,  the  maximum  head  of  water  on 
the  orifice  0  will  be  less  than  the  distance  between  MM  and  LL  or 
between  MM  and  NN,  which  we  indicate  by  r ;  and  the  maximum 
velocity  of  the  internal  level  will  be  less  than 

in  which  >S  is  the  area  of  the  cross-section  of  the  vessel  V ;  s,  the  area 
of  its  orifice  0;  and  //  the  co-efficient  of  efflux  for  said  orifice. 
Taking  for  mean  vel(K*itv 

1   8U 

and  putting 

su 

J-  =  m 

S 
the  amplitude  of  oscillation  of  the  internal  level  will  be 
X  =  ^tm  V  2g7\ 
But  from  the  Hagen's  ex})eriments  on  sea  waves  results 

9 
therefore 

The  weather  and  the  situation  in  which  tidal  observations  are  taken  are 
such  that  it  is  quite  enough  ^to  assume  r  =  G°*,  50,  or  2r  =  1"",  00,  as 
the  maximum  amplitude  of  the  waves  during  the  observations.  Taking 
m  =  YT2^7r>  ^^^^^^  ^^  -^  =  ^y  00035 ;  and  with  these  data  we  can  con- 
sider the  internal  level  as  being  quite  unaifected  by  wave-motion. 

Now  to  investigate  the  movements  of  this  level  by  the  tide  effect,  we 
can  siippos(^  indifferently  the  surface  of  the  sea  as  being  unaffected  by 
wave-motiou,  because  this  supposition  does  not  change  at  all  the  condi- 
tions of  the  water  in  the  vessel  V;  but  we  cannot  say  the  internal  level 
moves  the  same  as  the  external  one,  just  for  the  same  reasons  the  effect 
of  wave-motion  lias  been  eliminated  in  said  vessel ;  and  we  can  see  a 
priori  that  during  the  flow  the  internal  level  will  be  below  the  exter- 
nal one,  and  during  the  ebb  the  external  will  be  below,  the  internal. 

I^t  /  be  the  distance  between  these  levels  at  a  given  instant,  and  w 
the  velocity  of  the  external  level ;  the  variation  of  /  in  the  following 
instfmt  will  be 
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from  which 


dl  =  dt  [w  —  m  w  —  m  1    2gl  ) 


dl 


w  {\  —  m)  —  m  I     2gl  =  —  =  u ; 

dt 


and 


, \_w  {\  —  "in)  —  itY 

2gm 

in  which  u  represents  the  relative  velocity  of  one  level  in  reference  to 
the  other. 

The  velocity  of  ic  becomes  equal  to  zero  at  the  high  and  low  water, 
therefore,  at  a  certain  intermediary  position  of  the  internal  level,  it 
must  be  equal  to  its  maximum.  Now  if  we  indicate  by  H  the  diifer- 
ence  of  heights  between  high  and  low  water,  and  by  Tthe  time  between 
these  positions,  the  mean  value  of  ir  will  be 

H 

'^0  =  -^  ; 

and  the  maximum  value  of  ic  will  be  approximately 

T 

As  the  maximum  value  of  /  corresponds  to  iv  =  IF  and  m,  =  0,  it 
will  be 

L—  TP  (1  -  mY  _  2IP  (1  —  mf 
2gm^  gm^T 

The  maximum  value  of  ii  is  approximately 

r=  i- -  =  ^^'(1  — ^^0'  . 
T  gm^T"" 

therefore,  the  value  of  /,  which  .corresponds  to  w  =  0,  will  be  not 
greater  than 

I  =  J^ 

If  this  value  is  so  small  as  to  be  neglcH*ted  in  calculations,  we  can 
assume  that  for  t^  =  0,  also  /  =  0  ;  and  in  such  case  the  high  and  low 
water  of  the  internal  level  will  coincide  in  heights  and  times  Avith  the 
high  and  low  water  of  the  external  level.  For  intermediary  position.^ 
Df  the  sea  level,  the  value  of  I  will  be  then 

"Igm^  '         '         '         '     ^ 
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in  which  w  can  be  changed  for  the  velocity  of  the  internal  level^ 
because  the  latter  being 

wm  +  711  y  2gl; 
it  becomes  to  when,  instead  of  /,  we  substitute  the  value  (1). 

The  conclusion  will  be  to  take  tidal  observations  from  the  level  of  the 
sea  in  the  vessel  F,  to  avoid  the  accidental  errors  occasioned  by  wave- 
motion.     These  observations,  which  we  indicate  by 

K  K  K  K    '    '    '    '    Kf 

registered  in  order  of  succession  and  taken  at  equal  and  small  intervals 
of  time  dt,  between  two  consecutive  passages  of  the  moon  through  the 
meridian,  will  give  us  the  value  of  w  corresponding  to  each  of  them,. 

by 

"  dt  '  8t  "  dt  "  3f 

and  after  the  twrrections 

'  2^'       '    '  2^'        '    .....  ^^^.,     ~, 

which  serve  to  find  the  real  tidal  heights  of  the  sea  level  from  the  plaue 
to  which  the  observations  have  been  referred,  unaffected  by  the  accidental 
errors  occasioned  by  wave-motion,  and  corresponding  to  each  interval 
of  time  8L     They  are  given  by 

in  which  the  sign  (+)  will  be  used  for  decreasing  heights,  and  the  sign 
( — )  will  be  used  for  increasing  heights  ;  or  in  other  words,  when  the 
velocity  w  results  positive,  the  correction  I  will  be  taken  negative ;  and 
when  the  velocity  w  results  negative,  the  correction  I  will  be  taken 
positive.  [This  results  from  the  consideration  that  the  internal  level 
during  the  flow  of  the  sea  is  lower,  and  during  the  ebb  is  higher  than 
the  external  level.] 

Xow  the. whole  question  is  to  prove  that  the  quantity 

^  _    32  g^ 

is  really  very  small. 

Calculating  for  a  tide  of  iT  =  4"*,  00,  and  substituting  m  =  jYT^r 
observing  that  T  =  22250  seconds ;  will  be  found 

/,  =  0-,  0000088  ; 
The  practicability  of  the  proposed  method  seems  fully  assured  by  these 
figiu'es,  and  we  hope  it  will  be  taken  in  consideration  by  all  whom  it 
may  concern. 
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STEEL  FOR  SHIP-BUILDING. 
By  John  Haug,  Marine  Architect  and  Engineer. 


The  great  progress  made  in  the  manufacture  of  steel,  permitting  its 
production  in  large  quantities,  of  perfect  uniformity  and  homogeneous- 
ne&s  of  structure  at  moderate  prices,  has  caused  a  more  general  appli- 
<«tion  of  this  material  in  cases  where  lightness,  combined  with  strength, 
iy  an  important  object.  Thus  it  has  already  been  used  for  mo\nng 
parts  of  machinery,  steam  boilers,  bridges,  for  ship-building,  etc. 

For  steamers  of  shallow  draft,  where  the  utmost  lightness  is  the  first 
question  to  be  considered,  its  use  has  been  almost  compulsory,  but  its 
general  application  for  ship-building  did,  for  some  time,  not  make  ver}- 
rapid  progress.  This  has  mainly  been  due  to  the  over-zeal  of  its 
mlvocjites,  who,  using  steel  of  the  high  tensile  strength  of  forty  to 
forty-two  tons  per  square  inch,  and  reducing  dimensions  in  proportion, 
soon  found  that  its  brittleness  and  want  of  ductility  made  it  quite  unfit 
for  use,  and  altogether  unreliable,  besides  requiring  the  utmost  care  in 
heating  and  working. 

After  a  great  number  of  experimental  tests,  and  a  still  greater  num- 
ber of  practical  failures,  a  mild  steel  of  from  twenty-seven  to  thirt\'- 
one  tons  tensile  strength  per  square  inch,  with  an  elongation  of  twentj' 
per  cent,  on  specimens  of  eight  inches  length,  was  found  to  be  most 
suitable  and  entirely  reliable,  and  requiring  only  ordinary  care  in  its 
treatment. 

The  rules  of  "Lloyd's  Register  of  British  and  Foreign  Shipping'' 
(as  well  as  otlier  classification  societies)  now  recognize  the  above  mate- 
rial as  a  substitute  for  iron,  and  permit  a  general  reduction  of  twenty 
j)er  cent,  in  thickness  of  plating,  frames,  etc.,  from  those  prescribed  for 
iron  ships. 

To  show  the  profit  which  the  ship-owner  may  derive  frem  the  appli- 
cation of  this  material  to  a  ship,  the  following  example  of  a  trans- 
Atlantic  freight  steamer,  carrying  3500  tons  (dead  weight)  is  given. 

If  of  iron,  the  hull  will  weigh  about  2500  tons,  and  the  entire  ship 
will  cost  about  $350,000;  of  steel,  the  hull  will  weigh  2000  tons,  the 
total  cost  being  $380,000. 
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Excess  of  cost,  $30,000 

Interest,  6  per  cent. 

Depreciation,  etc.,  6  per  cent. 

Total,  12  per  cent,  on  $30,000  per  year,       $3600 

Extra  earnings. 

500  tons  cargo  out. 
500         "  back. 


1000         "  on  round  trip. 

Assuming  10  trips  per  year,  will  make  10,000  tons, 

at  $3.00  average  freight  per  ton,  $30,000 


Makes  extra  net  profit,  $26,400  per  year,, 

or  9*428  per  cent,  on  entire  cost  of  ship. 

Thus  it  will  be  seen  that  a  steel  ship  would  pay  a  handsome  profit 
where  an  iron  ship  would  just  pay  expenses. 

In  other  classes  of  ships  the  advantages  of  using  steel  will  be  found 
in  diflferent  directions.  In  river  steamers,  tugs,  etc.,  if  greater  carrying 
capacity  were  not  required,  the  dimensions  of  the  hull  might  be  reduced 
to  an  extent  corresponding  to  the  reduction  in  weight,  thus  permitting  a 
reduction  in  cost,  in  power  and  in  consumption  of  fuel ;  or,  with  the 
same  power,  greater  speed  would  be  obtained ;  or,  the  same  dimensions 
of  hull  would  secure  a  lighter  draft,  etc.,  whichever  would  best  meet 
the  requirement?  of  a  particular  case. 

A  few  words   might  be  said  about  the  comparative  durability  of 
steel  and  iron.     Earlier  experience  with  steel  of  a  high  tensile  strength 
had  shown  that  this  material  corroded  more  rapidly  than  iron,  but  later 
experiments  with  mild  steel,  such  as  now  used  for  ships,  have  given  a 
contrary  result. 

Mr.  Henry  Bessemer  (inventor  of  the  well-known  process)  immersed 
a  number  of  pieces  of  steel  and  iron  plates  in  diluted  acid,  and  found 
that  the  iron  was  acted  upon  in  a  very  irregular  manner,  being  deeply 
furrowed,  while  the  steel  always  showed  a  smooth  and  uniform  surface. 
Some  later  experiments  matle  at  the  Terre-noir  steel  works,  in  France, 
showed  that  the  comparative  corrosion  of  different  specimens  of  steel 
varied  almost  as  their  respective  percentage  of  carbon.  Steel  contain- 
ing more  than  J  per  cent,  of  c^bon  corroded  more  rapidly,  while  that 
containing  less  showed  a  less  amount  of  corrosion  than  wrought  iron. 
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There  can  be  no  doubt  that  the  use  of  steel  for  ships  will  increase 
also  in  the  United  States.  Steel  manufacturers  in  Pittsburg  have 
already  filled  extensive  orders  for  Western  boat  builders  with  success, 
and  at  such  moderate  rates  that  it  can  fairly  compete  with  iron. 


CELLULOID. 


*'  It  seems  to  me/'  remarked  a  gentleman  the  other  day,  "  that  about 
-ever\"thing  we  have  now,  except  what  we  eat,  is  made  out  of  celluloid." 
An  investigation  of  the  subject  almost  tends  to  persuade  one  that  this 
statement  is  scarcely  exaggerated.  Although  celluloid  was  invented 
nine  or  ten  years  ago  (by  two  brothers  named  Hyatt),  its  perfected 
manufacture  has  been  regularly  in  progress  for  only  about  five  years, 
and  is  t*onsidered  to  be  still  in  its  infancy ;  yet  immense  quantities  of 
the  substance  are  produced ;  it  is  converted  into  a  wonderful  variety  of 
forms,  and  new  modes  of  applying  it  are  discovered  almost  daily. 

Celluloid  is  a  composition  of  fine  tissue  paper  and  camphor,  treated 
with  chemicals  by  a  patented  process.  A  rather  common  impression 
that  it  contains  gun-cotton  is  a  mistake,  which  arises  from  confounding 
it  with  collodion.  Celluloid,  it  is  said,  is  entirely  non-explosive,  and 
burns  only  when  in  direct  contact  with  flame.  When  crude  it  looks 
like  a  transparent  gum,  and  its  color  is  a  light  yellow-brown.  It  can 
be  made  as  hard  as  ivory,  but  is  always  elastic,  and  can  be  readily 
moulded  into  every  conceivable  form.  With  equal  ease  it  can  be 
colored  in  any  tint  desired,  the  dye  running  through  the  entire  sub- 
stance, and  being,  therefore,  ineffaceable. 

All  the  celluloid  made  is  produced  by  a  single  company,  with  facto- 
ries in  Newark,  N.  J.  This  company  makes  only  the  raw  material, 
which  it  sells  to  various  manufacturing  companies  for  so  much  per  pound 
and  a  royalty  on  their  net  sales.  No  one  can  buy  it  unless  the  produc- 
ing company  decides  to  give  him  a  license,  which  is  granted  only  for 
the  purpose  of  making  some  new  article  that  will  not  interfere  with  the 
trade  of  the  companies  already  licensed.  A  number  of  large  corpora- 
tions are  now  engaged  in  the  various  branches  of  manufacture  for  whicli 
celluloid  ctm  be  employed. 

The  cost  of  the  crude  article  to  the  buyers  is  regulated  by  the  pro- 
ducing company  according  to  the  use  to  be  made  of  it  and  the  compe- 
tition met  with  in  other  materials.     For  instance,  $4  or  $5  per  pound 
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^re  charged  for  celluloid  which  is  to  made  into  jewelry,  while  only  $2 
are  charged  if  it  is  designed  for  umbrella  handles,  though  there  is  no 
difference  in  the  quality  of  the  substance.  In  consequence  of  this  sys- 
tem there  is  a  similar  wide  variation  in  the  cost  of  the  manufactured 
articles. 

As  a  close  imitation  of  ivory,  celluloid  has  made  great  inroads  in  the 
biLsiness  of  the  ivory  manufactures.  Its  makers  assert  that  in  dura- 
bility it  is  much  sujierior  to  ivory,  as  it  sustains  hard  knocks  without 
injury,  and  is  not  discolored  by  age  or  use.  Great  quantities  of  it  are  used 
for  piano  and  organ  keys,  to  the  manufacture  of  which  one  company 
is  devoted.  So  extensive  is  its  use  for  this  purpose  that  the  ivory  man- 
ufacturers have  reduced  their  pric»e  for  keys  below  that  of  celluloid,  in 
the  hope  of  checking  the  competition.  "  It  is  only  a  question  of  who 
<5an  hold  out  longest,'^  said  a  celluloid  maiuifacturer  ;  "  but  we  can  make 
our  own  elephants,  and  the  ivoiy  men  have  got  to  catch  theirs."  r 

Billiard  balls  are  made  of  celluloid  at  half  the  price  of  ivory,  and 
are  said  to  be  ec£ually  elastic,  while  more  durable.  Large  amounts  are 
used  for  combs  of  every  variety,  for  the  backs  of  brushes  and  hand- 
mirrors,  and  for  all  kinds  of  toilet  articles  which  ivory  is  employed  for. 
Even  a  fine-tooth  comb  made  of  celluloid  is  twenty-five  per  centum 
cheaper  than  ivory,  while  in  large  pieces,  sudi  as  the  backs  of  hand- 
glasses, the  difference  in  price  is  enormous.  Among  many  other  arti- 
cles in  which  celluloid  takes  the  place  of  ivory  or  india-rubber,  are  whip, 
cane  and  umbrella  handles,  every  kind  of  harness  trimmings,  foot-rules, 
chessmen  and  the  handles  of  knives  and  forks.  Its  use  in  cutlery  is 
said  to  be  especially  desirable,  as  it  is  not  cracked  or  discolored  by  hot 
water. 

India-rubber,  jus  a  general  rule,  holds  its  ground  against  celluloid,  as 
the  latter  cannot  be  sold  so  cheaply.  The  celluloid  is  said  to  be  much 
more  durable,  however,  and  it  is  superior  for  pencil-cases,  jewelry,  etc., 
where  gold  mountings  are  used,  as  it  does  not  tarnish  the  metal,  whereas 
the  sulphur  in  india-rubber  tarnishes  gold  which  is  less  than  eighteen 
carats  fine.  The  freedom  of  celluloid  from  sulphur,  and  the  natural 
flesh-color  which  can  be  imparted  to  it,  have  caused  it  to  be  extensively 
substituted  for  india-rubber  in  the  manufacture  of  dental  blanks,  or 
the  gums  and  other  attachments  of  artificial  teeth. 

Celluloid  can  be  mottled  so  as  to  imitate  the  finest  tortoise-shell,  and 
its  elasticity  renders  it  much  less  liable  to  breakage.  In  this  form  it 
is  used,  like  the  imitation  ivory,  for  combs,  card-cases,  cigar-cases. 
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match-boxes,  poeketbooks,  impkin-rings,  jewelry  and  all  sorts  of  fancy 
articles.  The  substance  is  employed  for  similar  purposes  as  a  good 
imitation  of  malachite  and  also  of  amber.  It  is  made  into  mouthpieces 
for  pipes,  cigar-holders  and  musical  instruments,  and  is  used  as  the 
material  of  flutes,  flageolets  and  drumsticks.  For  drumheads  it  is  said 
to  be  superior  to  parchment,  as  it  is  not  affected  by  moisture  in  the 
atmosphere. 

As  a  substitute  for  porcelain,  celluloid  is  ased  for  the  heads  of  dolls^ 
which  can  be  hammered' against  a  hard  floor  without  danger  of  fra<'- 
ture.  Beautiful  jewelry  is  made  of  it  in  imitation  of  the  most  elabor- 
ately-carved coral,  reproducing  all  the  shades  of  the  genuine  article. 
Most  of  the  coral  tints  are  bright  or  dark  reil,  however,  as  the  makers, 
strange  to  say,  have  found  that  excellent  copies  of  the  costly  pink  coral 
are  not  in  popular  demand. 

One  of  the  large  manufacturing  companies  is  em})loyed  exclusively 
in  the  making  of  optical  goods,  iLsing  celluloid  in  place  of  tortoise-shell, 
jet,  etc.,  for  the  frames  of  spectacles,  eye  glasses  and  opera  glasses. 
The  material  is  extensively  used  for  shoe  tips,  protecting  the  toe  as  well 
as  metal  tips,  and  having  the  api>earance  of  ]mtent  leather.  By  sIkx*- 
makers  it  is  also  used  for  insoles.  Large  quantities  of  thimbles  are 
made  of  it,  and  it  is  said  to  be  the  best  material  known  for  emery- 
wheels  and  knife-sharpeners.  As  a  ground  for  paintings,  celluloid  has 
all  the  advantages  of  ivor}-,  and  photographs  can  be  taken  on  it  whi<-h 
are  alleged  to  be  superior  to  ivorytj-pes. 

Within  the  la.st  year  and  a  half  another  branch  of  celluloid  manu- 
facture has  been  develo{>ed  which  promises  to  reach  enormous  pro[)or- 
tions.  This  is  the  use  of  celluloid  as  a  substitute  for  linen  or  pai)er  in 
the  making  of  shirt-cuffs,  collars,  etc.  It  has  the  appearance  of  well- 
starched  linen,  is  sufficiently  light  and  flexible,  does  not  wrinkle,  is  not 
affected  by  perspiration  and  can  be  worn  for  months  without  injury-.  It 
bec»omes  soiled  much  less  readily  than  linen,  and  when  dirt}'  is  quickly 
cleaned  by  the  application  of  a  little  soap  and  water  with  a  sponge  or 
rag.  For  travelers  and  for  wear  in  hot  weather  this  celluloid  linen  is 
especially  convenient.  It  has  lately  l)een  nmch  improved  by  the  intro- 
duction of  real  linen  between  two  thicknesses  of  celluloid.  Shirt-fronts 
have  been  made  of  it,  as  well  a^  cuffs  and  collars,  and  it  is  believnl 
that  these  will  prove  equally  desirable. 

Celluloid  has  been  experimented  with  as  a  material  for  neckties,  and 
although  the  trials  have  not  yet  been  very  satisfactory,  it  is  thought 
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that  they  will  eventually  be  successful.  For  hat-bands  and  hat  sweat- 
bands  it  is  a  trifle  more  expensive  than  the  materials  commonly  used, 
but  it  is  said  to  be  better,  as  it  does  not  become  rusty  or  greasy.  It 
has  also  been  used  lately  for  watch-cases. 

There  is  a  large  export  trade  in  celluloid  articles  to  Cuba  and  South 
America,  and  this  is  constantly  increasing.  They  are  not  sent  to  Europe, 
as  the  right  to  manufacture  and  sell  them  there  has  been  sold  to  a 
foreign  company,  which  has  a  factory  in  France. — N,  Y.  Evening  Post, 


THE  "GARY  MOTOR.^^ 


In  a  letter  to  the  Secretary  of  the  Franklin  Institute,  Professor 
Henry  Morton,  of  the  Stevens  Institute  of  Technology,  remarks  con- 
cerning this  application  of  magnetism  for  the  production  of  motion 
as  follows : 

This  so-called  "Grary  Motor"  comes  before  the  public  in  a  double 
character. 

First,  as  a  perpetual  motion  machine,  which  is  to  do  work  without 
transformation  of  energy.  In  this  light  I  think  we  may  at  once  dis- 
miss it  as  a  fraud  or  blunder,  to  take  its  place  with  materialization  of 
spirits,  and  other  matters,  which  are  not  subjects  for  the  investigation 
of  scientific  students. 

Secondly,  however,  Mr.  Grary  appears  as  the  supposed  discoverer  of 
some  new  facts  in  reference  to  the  action  of  magnets,  which,  though 
they  certainly  can  no  more  enable  us  to  create  energy  than  to  create 
matter,  may  add  to  our  means  of  utilizing  natural  forces  and  existing 
sources  of  energy. 

In  this  view  his  claim  of  discovering  what  he  calls  a  neutral  line 
around  magnets  is  worth  investigation. 

On  looking  into  this  matter,  however,  I  find  that  he  has  only  re-ob- 
served a  set  of  phenomena  which  are  so  old  as  to  have  been  described 
in  the  Pnncipia  of  Sir  Isaac  Newton,  Book  II,  Prop,  xxiii.  Scholium 
to  Theorem,  xviii,  where  I  fiiid  as  follows : 

"  The  virtue  of  the  magnet  is  contracted  by  the  introduction  of  an 
iron  plate,  and  is  almost  terminated  by  it;  for  bodies  further  oif  are 
not  attracted  by  the  magnet  so  much  as  by  the  iron  plate." 

All  Mr.  Gary's  experiments,  which  will  work,  are  readily  explained 
by  the  well-known  principles  of  magnetic  induction,  by  reason  of 

Wholk  No.  Vol.  CVII.— (Tjiird  Sekiks,  V©1.  Ixxvii.)  24 


Digitized  by 


Google 


338  Bai7l  of  Sap,  [  Jour.  Frank.  Inst, 

which  a  piece  of  soft  iron  near  a  magnet  is  inductively  magnetized  by 
the  same  and  reacts  upon  it,  and  thus  "contracts  the  virtue  of  the 
magnet "  and  neutralizes  its  action  on  exterior  bodies. 

There  is  no  evidence  whatever  of  the  existence  of  any  neutral  lines 
about  a  magnet,  but  the  very  experiments  cited  by  Mr.  Grary  as  prov- 
ing it  simply  demonstrate  that  in  certain  relative  positions  the  opposing 
actions  of  a  permanent  magnet  and  a  piece  of  soft  iron  magnetized  by 
induction  from  it  neutralize  each  others  effects  upon  a  third  magnetic 
body,  such  as  a  piece  of  iron  or  a  compass  needlo. 

Fully  to  work  out  all  the  relations  between  the  mutual  actions  of 
three  such  bodies  in  any  case  is  of  course  a  problem  of  considerable 
complexity,  but  by  no  means  a  new  one,  and  among  many  others  a  verj' 
able  discussion  will  be  found  in  the  Philosophical  Transaxitions  for  1831, 
by  Sir  Wm.  Snow  Harris,  page  501  et  seq.,  under  the  title  "On  the 
power  of  masses  of  iron  to  control  the  attractive  force  of  a  magnet." 
An  earlier  memoir  by  the  same  author  appeared  in  the  Edinburgh 
PhUomphical  Transactions  for  1829. 


Rain  of  Sap.— On  the  22d  of  August,  at  4  P.  M.,  in  a  calm  after- 
noon, with  a  temperature  of  24°  [65°  Fahr.],  and  a  clear  sky,  M.  Ch. 
Musset  was  struck  by  the  evolutions  of  some  gnats  under  the  spread- 
ing branches  of  two  fir  trees.  Around  some  yews,  under  a  linden,  and 
about  some  other  shrubs  he  observed  similar  swarms  of  insects,  but  less 
numerous ;  under  other  trees  there  were  no  gnats.  He  then  perceived, 
falling  in  the  form  of  a  fine  rain,  an  immense  quantity  of  very  limpid 
drops  which  became  visible  in  the  sun's  rays.  Similar  observations 
were  made  during  fifteen  days,  at  all  hours  of  the  day  and  even  in  the 
night  by  lamplight.  The  sap  is  insipid,  slightly  purgative,  colorless 
at  first,  but  after  standing  some  days  it  takes  a  light  amber  tint.  He 
gives  the  following  hypothetical  explanation  of  the  phenomenon.  At 
the  close  of  summer  vegetation  is  checked,  the  tissues  are  hardened  and 
consequently  transpiration  diminishes ;  but  the  sap  continues  to  ascend, 
and,  not  being  employed  in  assimilation,  the  excess  is  poured  out  by  the 
stoma ta  of  the  leaves. — Compfes  Rendus*  C. 
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Substitution  of  Artificial  for  Natural  Dyes.— In  closing  his 
report  upon  the  chemical  products  at  the  Paris  Exposition  of  1878, 
Oustav  Engel  anticipates  the  early  displacement  of  natural  coloring 
materials  by  artificial  dyes.  The  discovery  of  artificial  alizarine,  indi- 
gotine  and  other  similar  products;  the  progress  which  industrial  chem- 
istry has  made  in  the  application  of  anilines,  by  procuring  for  some  of 
them  a  permanence  which  was  wanting  for  some  time  after  their  dis- 
<^overy,  a  permanence,  in  some  cases,  even  greater  than  that  of  the 
natural  products  for  which  they  have  been  substituted ;  the  brilliancy 
of  their  tints ;  their  ease  of  application  and  the  important  economy 
which  is  secured  by  their  use,  are  all  indications  of  the  most  promising 
-character. — Bull,  de  la  Soc,  Industr,  C. 

Crystalline  Resistance  in  Mother- Waters. — Guided  by  theo- 
retical considerations  Boisbaudran  has  made  numerous  experiments, 
which  have  appeared  to  show,  among  other  things :  1.*  That  the  action 
of  different  isomorphic  crystals  is  not  the  same  upon  the  solution  of  one 
of  them.  2.  That  the  passage  from  the  condition  of  very  slow  solution 
upon  a  crystalline  surface  to  that  of  very  slow  increase  cannot  be  made 
suddenly,  by  a  slight  change  in  the  concentration  of  the  liquid,  but 
that  every  face  remains  intact,  without  either  losing  or  fining,  in  a 
mother-water  of  which  the  strength  varies  Within  several  narrow  but 
easily  observable  limits.  3.  That  the  resistance  to  change  is  modified 
independently  for  each  system  of  faces^  so  that  an  alteration  in  exter- 
nal conditions  commonly  produces  a  change  in  the  relation  of  the 
resistances  of  two  given  systems  of  faces.  4.  That,  contrary  to  the 
opinion  of  some,  there  is  no  mobile  equilibrium  between  a  crystalline 
face  and  its  mother-water,  no  continual  exchange  of  molecules,  but 
only  a  continual  erosion  or  a  continual  deposit,  or,  between  the  limits  of 
resistance,  neither  erosion  nor  deposit.  Some  months  since  M.  P.  Klocke 
published  at  Freiburg  some  conclusions  contrary  to  these,  but  they 
appear  to  have  been  drawn  without  sufficient  care.  In  order  to  con- 
<luct  the  necessary  experiments  properly  they  should  be  carried  on  in 
a  place  where  the  daily  temperature  varies  only  a  few  hundredths  of  a 
degree.  Each  of  Boisbaudran's  experiments  required  a  long  time, 
generally  some  months,  and  sometimes  years.  He  worked  in  a  deep 
>cave,  hollowed  out  of  a  thick  rock,  and  enclosed  by  double  doors. — 
Comptes  Rendtis,  C. 
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Absorption  of  Water  by  Wood. — E.  J.  Maumenfe  finds  that  the 
absorption  power  varies  in  different  woods,  when  dried  in  a  vacuum^ 
between  9*37  per  cent,  and  174.86  per  cent.  The  maximum,  174'8*> 
per  cent.,  or  J  of  its  own  weight,  is  found  in  chestnut  timber.  The 
moisture  contained  in  wood,  in  its  ordinar\'  state,  varies  between  4*61 
per  cent,  and  13'56  per  cent.  The  absorption  power  varies  but  little 
in  different  samples  of  the  same  ^v:ood. — Les  Mondes,  C. 

The  Velocity  of  Light. — There  are  now  in  progress  at  the  Xaval 
Academy,  preparations  for  a  scientific  investigation  of  an  interesting^ 
character.  Ensign  A.  A.  Mitchelson,  U.  S.  N.,  having  delivered  a  \^- 
tare  upon  "  Light"  before  an  association  of  scientists,  made  in  prepa- 
ration for  it  a  series  of  investigations  that  induced  him  to  believe  that 
he  could  determine  more  accurately  than  is  now  known  the  velocity 
with  which,  light  travels,  the  two  accepted  computations  differing  about 
a  thousand  miles  in  the  distance  asserted  to  be  traveled  in  a  second. 
Under  orders  from  the  Navy  Department,  Mitchelson  has  erected  the 
apparatus  to  determine  his  theory  practically. 

The  plan  is  essentially  that  used  by  Foucault,  with  the  exception 
that  a  lens  of  great  focal  length,  and  a  plane  mirror,  are  used  instead 
of  a  concavQ  one.  This  arrangement  permits  the  use  of  a  consider- 
able distance,  and  consequently  gives  a  longer  interval  of  time,  which 
insures  greater  accuracy.  The  displacement  of  the  image  of  a  slit  i.^ 
the  quantity  to  be  measured,  and  this  in  Foucault's  experiments  was  a 
fraction  of  a  millimetre,  and  in  the  velocity  of  light  could  not  be 
determined  with  any  greater  accuracy  than  could  this  displacement^ 
which  would  be  a  fraction  of  one  per  cent.  In  the  experiments  made 
by  Mitchelson  the  displacement  has  been  increased  to  over  one 
hundred  millimetres ;  hence  the  error  introduced  by  this  measurement 
would  be  leas  than  one-thousandth  of  the  whole,  or  less  than  twenty 
miles. 

Another,  though  not  an  essential  feature,  is  the  use  of  a  tuning  fork, 
bearing  a  mirror  on  one  prong,  and  kept  in  motion  by  a  current  of 
electricity,  by  means  of  which  the  speed  of  the  revolving  mirror  can 
be  ascertained  with  the  same  degree  of  precision.  The  mirror  is  put  in 
motion  by  a  blast  of  air  furnished  by  a  small  rotary  blower,  which  is 
driven  by  a  steam  engine.  By  this  means  a  very  steady  speed  is  main- 
tained. The  entire  apparatus  is  nearly  finished,  and  in  a  short  time 
observations  will  be  commenced  at  Annapolis. 
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Siliciuret  of  Iron. — The  committee  of  chemical  arts  of  the  French 
Sodete  cV Encouragement  pour  L'lndustHe  Nationale  has  undertaken 
the  examination  of  the  ases  which  can  be  made  of  this  new  compound. 
Prof.  Lawrence  Smith  sent  them  an  ingot  weighing  about  three  kilo- 
grammes [6*6  lbs.],  with  a  color  like  platina  and  a  specific  gravity  of 
•6*5.  It  is  easily  broken  by  the  hammer,  does  not  rust  in  the  air,  is 
not  corroded  by  concentrated  nitric  acid,  and  scarcely  by  any  reagents 
•except  fluorhydric  acid  and  melted  alkalies  at  a  red  heat. — Proch  Ver- 
baiix  de  la  Soc.  C. 

The  Effects  of  Salt  Mining  in  Cheshire,  England. — A  depu- 
tation from  Cheshire  has  recently  made  complaint  of  the  injury  done 
to  property  in  the  neighborhood  of  Xorthwich  and  Wiasford,  in  con- 
sequence of  the  continual  caving  in  of  the  earth  from  the  subterranean 
-extraction  of  brine  for  many  years  by  the  manufacturers  of  salt.  The 
<leputation  declares  that  roads  and  bridges  have  fallen  in ;  that  the  gas 
and  water  pipes  are  broken  and  destroyed  in  many  places ;  that  many 
of  the  houses  are  cracked  and  lean  to  one  side,  in  consequence  of  the 
<?ontinual  undermining  of  their  foundations,  and  that  as  yet  there  has 
been  no  legal  redress. 

The  salt  beds  of  Cheshire  are  composed  of  massive  deposits  of  min- 
•eral  salt,  buried  in  the  ground  40  metres  below  the  surface  of  the 
earth.  Naturally,  fresh  water  runs  through  the  beds  of  sand  and  marl 
which  cover  the  mineral  salt,  dissolves  it  and  changes  it  into  brine. 
The  salt  is  obtained  by  means  of  impermeable  pipes  or  wells  that  are 
sunk  to  the  brine ;  then,  by  aid  of  pumps  worked  by  steam,  the  brine 
is  raised  into  reservoirs,  where  an  artificial  heat  causes  the  liquid  part 
to  evaporate.  The  result  of  these  operations  is  the  salt  of  commerce? 
-considerable  quantities  of  which  are  exported  to  Asia,  America,  and  all 
the  countries  of  Europe.  As  there  is  pumped  every  year  in  Cheshire 
about  one  billion  one  hundred  million  gallons  of  brine,  the  damage 
whicli  is  caused  to  property  holders  is  not  astonishing.  The  superficial 
soil  sinks  little  by  little,  the  earth  of  the  town  becomes  broken  up,  rain 
water  accumulates,  and  the  houses  are  threatened  with  ruin.  The  salt 
manufacturers  urge,  on  the  contrary,  that  they  are  doing  good,  as  they 
-employ  large  numbers  of  workmen,  and  attract  to  the  district  different 
industries.  This  curious  state  of  things  is  about  to  occasion  in  Eng- 
land a  lawsuit  of  great  importance,  the  result  of  which  it  is  difficult  to 
foresee. — La  Nature, 
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Researches  on  Hydrogen  Peroxide. — E.  Sclioene. — The  author 

has  investigated  the  behavior  of  hydrio  peroxide  ^vith  the  oxygen  com- 
pounds of  thallium.  He  finds  that  thallium  paper  is  turned  brown  by 
the  vapor  of  hydric  peroxide  in  consequence  of  the  formation  of  thallie 
oxide.  Hence  the  browning  of  thallium  test-papers  on  exposure  to 
atmospheric  air  is  by  no  means  a  proof  of  the  presence  of  ozone. — 
Chem,  News. 

Edison's  Electric  Light. — This  has  been  advanced  a  step,  and 
a  very  important  one,  as  far  as  the  inventor  is  concerned,  by  the  grant- 
ing of  the  patents  for  the  lamp,  and  for  the  thermal  regulator  of  the 
current.  From  the  specifications,  it  is  now  positively  known  that  the 
light  is  produced  by  the  electric  incandescence  of  platinum  and  iridium, 
the  exact  melting  jwint  of  which  has  not  been  determined,  but  it  is 
much  higher  than  platinum  alone.  There  have  been  many  forms  of 
these  regulators,  all  based  on  one  principle,  namely,  the  degree  of  heat 
produced  controlling  the  amount  of  the  current  passing  through  the 
metallic  conductor,  the  light  being  occasioned  by  the  resistance  ottered, 
while  the  regulator  is  intended  to  prevent  it  being  heated  so  high  as 
to  melt  it.  In  the  case  of  carbon  this  is  impossible,  and  consequently 
the  light  is  much  greater  from  that  substance.  In  Edison's  regulator 
the  heat  expands  the  air  or  fluid  in  the  chamber  containing  the  plati- 
num, and  a  diaphragm  is  moved  outwards,  which  in  its  turn  controls 
the  passage  of  the  current  by  means  of  contact  points  of  platinum. 
The  diaphragm  may  give  this  motion  to  a  lever  or  spring  through 
which  the  contacts  may  be  made.  Mercury  may  also  replace  the  air  in 
the  tube,  and  to  prevent  loss  of  heat  by  radiation,  two  concentric  glass 
tubes  may  be  employed  with  the  intervening  space  filled  with  alum  water 
or  other  poor  conductor  c^f  heat,  surrounding  the  light,  which  is  very 
moderate  compared  with  the  electric  arc.  Great  improvements  have 
been  made  within  a  short  time  in  dynamo-electric  machines,  notably 
by  Houston-Thomson  and  other  scientists,  developing  to  a  great  degree 
their  efficiency,  and  in  some  of  the  best  forms  as  high  as  sixty  per  iH?nt- 
of  the  energy,  it  is  said,  is  converted  into  the  electric  current,  leaving 
but  little  room  for  improvement,  while  but  twenty  per  cent,  is  wasted 
in  the  heating  of  the  machine,  etc.,  which  is  nearly  reversing  the  avail- 
able power  obtained  from  our  best  steam  engines,  where  seventy  |K^r 
cent,  passes  up  the  chimney  and  is  otherwise  not  used. 
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Chinese  Cotton  Spinning. — The  Chinese  Government  has  bought 
machinery  in  Germany,  and  has  engaged  experienced  engineers  and 
spinners*,  in  order  to  establish  cotton  factorife  of  thdr  own,  so  as  to 
become  independent  of  importations  from  Russia  and  England. — 
Fortsch.  der  Zeit  C. 

Influence  of  Duration  and  Intensity  upon  Luminous  Per- 
ception.— Ch.  Richet  and  Ant.  Breguet  have  experimented  with  an 
apparatus  which  enabled  them  to  produce  flashes  lasting  only  i^^^^th 
of  a  second.  They  find  that  a  feeble  light  which  can  be  plainly  seen 
when  its  influence  is  continued  for  some  time,  becomes  invisible  when 
its  duration  is  reduced.  To  make  it  visible  anew,  it  is  sufficient  either 
to  increase  its  intensity  or  its  duration.  It  can  also  be  made  visible  by 
repeating  the  feeble  and  brief  illumination  at  least  fifty  times  per 
second.  Colored  lights  obey  the  same  laws  and  are  always  seen  with 
their  proper  color,  whether  they  are  strong  or  weak,  long  or  short.  — 
Comptes  Rendus,  C 

The  Draining  of  Lake  Fucino. — One  of  the  greatest  engineer- 
ing undertakings  of  the  century,  well  fitted  to  rank  with  many  attempted 
in  Holland,  not  even  excepting  the  projected  draining  of  the  Zuider 
Zee,  is  the  successful  accomplishment  of  this  work  by  which  the 
Appenine  lake  of  our  boyhood  has  become  a  thing  of  the  past,  and 
some  35,000  acres  of  the  richest  land  recovered  for  cultivation.  The 
labor  of  making  the  tunnel  nece&sary  for  the  task,  and  other  works,  has 
occupied  nearly  a  quarter  of  a  century,  and  Prince  Torlonia  has 
expended  on  the  work  more  than  ten  millions  of  dollars.  All  the 
water  has  disappeared  except  a  small  basin  used  to  drain  the  surround- 
ing district.  The  greatest  length  of  the  lake  was  formerly  some  ten 
miles,  and  its  breadth  about  seven,  while  the  towns  of  Avezzano  and 
Pescina  are  no  longer  in  danger  from  the  sudden  rising  of  the  water  in 
this  volcanic  district.  The  idea  of  draining  it  is  not  a  new  one,  and 
the  remains  of  the  aqueduct  constructed  under  the  reign  of  the  Emperor 
Claudius  were  formerly  shown  to  the  traveler.  This  has  been  made 
use  of  in  the  present  undertaking,  and  after  the  lapse  of  so  many  cen- 
turies the  people  of  this  Appenine  district,  some  2200  feet  above  the 
level  of  the  sea,  are  rejoicing  over  the  completed  work.  Upon  visiting 
the  spot  a  few  years  hence,  how  difficult  it  will  be  to  realize  that  these 
vine-clad  hills  were  covered  with  water  within  so  brief  a  period. 
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Compressibility  of  Oases  at  High  Pressures.— E.  H.  Amagat 
has  experimented  in  a  shaft  with  a  depth  of  380  metres  [415-57  yds.] 
upon  the  compression  of  gases  by  a  mercurial  column.  He  reports 
three  sets  of  experiments  upon  nitrogen :  the  first  was  extended  to  208, 
the  second  to  330  and  the  third  to  430  atmospheres.  The  results  ot 
these  tliree  series  are  remarkably  uniform  and  the  curve  which  repre- 
sents them  is  perfectly  regular.  Under  the  pressure  of  430  atmospheres 
the  volume  of  the  gas  is  nearly  a  quarter  greater  than  is  indicated  by 
Marriotte's  law,  which  corresponds  to  a  difference  of  nearly  a  hundred 
atmospheres. — Comptes  Rendus.  C. 

New  Spectral  Bays  in  Samarskite. — I>e  Boisbaudran  has  been 
examining,  by  the  spectrascope,  some  samarskite,  which  is  rich  in 
didymium.  He  observed  rays  or  bands  which  do  not  correspond  to  any 
body  hitherto  known,  nor  to  the  descriptioas  of  the  si>ec^tra  which  hav 
been  recently  annomiced  by  Messrs.  De  la  Fontaine,  Lawrence  Smith, 
Soret  and  De  Marignac.  The  new  rays,  both  of  emission  and  of  absorp- 
tion, appear  to  represent  a  single  body.  The  metal  which  occasions 
them  is  precipitated  as  a  double  potassic  sulphate  along  with  the  didy- 
mium ;  its  simple  sulphate  is  a  little  less  soluble  than  that  of  didy- 
mium ;  its  oxalate  is  precipitated  before  that  of  didymium  ;  finally, 
ammonia  separates  at  first  the  oxide  of  the  new  body  and  afterwards  the 
oxide  of  didymium. — Comptes  Rendm.  C. 

Imitation  Ivory. — Harris'  patented  imitation  ivory  is  made  by 
dissolving  100  grammes  of  glue  in  1  litre  of  water,  50  grammes  of 
of  ahmi  in  one  litre  of  water,  and  mixing  50  grammes  of  good  bleached 
cellulose  with  3*5  litres  of  water.  The  moulds  are  carefully  oiled  with 
a  mixture  of  equal  parts  of  goose  grease  and  lard ;  then  a  mixture  is 
formed,  in  an  earthen  vessel,  of  75  grammes  of  the  glue  solution,  200 
grammes  of  the  cellulose  water,  200  grammes  of  water,  250  grammes 
of  finely  sifted  g}^psum  and  200  grammes  of  the  alum  solution.  This 
mass  is  placed  in  moulds  by  a  spoon,  shaken  so  as  to  remove  bubbles, 
and  left  to  set  and  thicken.  It  is  then  removed  from  the  moulds, 
covered  with  a  woolen  cloth,  the  superfluous  water  pressed  out,  and, 
after  it  has  completely  stiffened,  the  fat  is  removed  by  hot  water.  It 
is  then  dried  and  soaked  in  a  hot  mixture  of  equal  parts  of  wax  and 
stearine.  After  cooling  it  is  bruslied  until  the  ivory  lustre  shows 
itself. — Dingler^s  Journal,  C. 
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Increase  of  Meat  Exports. — In  1876  the  whole  quantity  of 
American  meat  exported  to  Great  Britain  was  16,165,632  lbs.  In 
1 878  the  export  had  increased  to  53,661,216  Ih^.—ForUch,  der  Zdt    C. 

Locusts  in  Algiers. — Captain  Brocard  states  that  the  recent  inva- 
.sion  of  locusts  in  Algeria  demonstrates  some  new  advantages  in  meteor- 
ological and  climatological  studies.  It  has  long  been  noticed  that  the 
sirocco  and  drought  favor,  in  a  high  degree,  the  development  of  these 
pests,  whilst  cold  and  stormy  weather  prove  fatal  to  them.  He  pro- 
poses to  devote  himself  to  a  aireful  study  of  the  observations  which  he 
ha.^  collected  with  great  diflBculty,  in  the  hope  that  they  will  lead  to  the 
<liscovery  of  some  simple  law  for  determining  upon  the  measures  which 
will  be  most  efficacious  for  the  destruction  or  the  utilization  of  the 
lo<nists. — Les  Mondes.  C. 

An  Electric  Blowpipe. — M.  Jamin. — The  author  remarks  that  the 
electric  arc  which  plays  between  two  carbon  conductors  is  a  true  cur- 
rent. If  submitted  to  the  influence  of  a  neighboring  current,  of  a  sol- 
enoid, or  of  a  magnet,  it  experiences  an  action  regulated  by  the  laws 
of  Ampere,  identical  with  that  experienced  by  any  metallic  conductor 
put  in  its  place,  but  as  its  mass  is  exceedingly  trifling  its  speed  is  con- 
siderable. The  author  takes  advantage  of  this  fact  to  submit  small 
qiuuitities  of  matter  to  an  intense  heat.  By  causing  the  arc  to  be  driven 
upon  lime,  magnesia  or  zirconia,  the  light  is  directed  downwards  and 
its  intensity  isincrea.sed  at  least  three-fold. — Coynpteii  Rendus, 

Detection  of  Salicylic  Acid  in  Beer.— By  M.  Bias.— It  is 
found  that  a  quantity  of  salicylic  acid,  less  than  '075 — 0*1  gramme  per 
litre,  when  added  to  beer,  cannot  be  detected  with  certainty  if  the  ferric 
<?hloride  reaction  be  employed,  either  with  the  original  beer  or  after 
precipitation  by  lead,  or  after  treatment  by  animal  cliarcoal.  It  is 
much  more  simple  to  test  for  the  presence  of  the  acid  in  the  urine  voided 
after  drinking  the  beer,  when  0*0012  per  cent,  can  with  ease  be  detected. 
If  20  c.  c.  of  the  urine  be  examined  three  hours  after  the  beer  has  been 
drunk,  it  will  be  foun<l  that  ferric  chloride  at  first  produces  a  precipi- 
tation of  phosphates,  but  after  their  separation  the  violet  reaction  is 
distinct.  For  the  preservation  of  light  beers  0*5  gramme  of  salicylic 
acid  is  sufficient,  but  0*2  gramme  per  litre  must  be  added  to  strong  beers ; 
more  than  this  quantity  is  unadvisable,  as  a  taste  Ls  imparted  to  the 
beer ;  the  addition  of  salicylic  acid  to  beer  cannot  destroy  any  of  the 
integral  constituents,  acting  only  as  a  preservative.— -Jour.  Chefni,  Soc. 
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French  Sleet. — In  a  recent  storm,  tlie  ground  and  trees  in  many 
parts  of  France  were  CH)vered  with  a  crust  of  ice  of  remarkable  thick^ 
nesH  for  that  cx)untry.  Some  of  the  leaves  were  loaded  with  a  weight 
of  ice  fifty  times  as  great  as  their  own  weight.  Trees,  telegraphic  wires 
and  nearly  all  external  objects  had  a  criLst  of  two  centimetres  {^  inch). 
Many  branches  were  broken  wlien  the  thaw  c<>mmenced.  E.  Masse 
thinks  that  the  drops  of  water  were  in  a  state  of  suj)erfusion  at  a  tem~ 
perature  below  zero,  and  that  the  cr^^stallization  was  started  by  the 
simple  me(*hanical  wntact  of  the  drops  with  solid  bodies. — Comjjte^ 
RendiiH,  C. 

Coffee  Parasites. — It  seems  as  though  each  of  the  plants  which 
are  employed  for  the  focnl  of  man  must  in  its  turn  suifer  from  the 
attacks  of  a  destructive  animalcule.  While  the  phylloxera  is  continu- 
ing its  ravages  in  the  French  vineyards,  a  similar  scourge  threatens  to 
destroy  the  coffee  j)lantations  of  Brazil.  In  the  province  of  Rio 
Janeiro  the  leaves  often  grow  suddenly  yellow,  and  in  a  short  time  the 
tree  dies ;  the  trouble  seems  the  more  inexplicable  because  the  most 
vigorous  plants,  those  from  seven  to  ten  years  old,  were  the  first  to 
succumb.  Dr.  Jobert  found,  by  close  observation,  that  the  roots  of  the 
dead  plants  were  covered  with  excrescences  similar  to  those  produced 
by  the  phylloxera ;  the  interior  of  these  warts  was  composed  of  wUs 
containing  worms  which  measured  scarcely  a  quarter  of  a  millimetre 
[•01  in.].  Dr.  J.  estimated  that  upon  a  single  tree  there  were  not  l€5*f 
than  thirty  millions  of  these  parasites. — Len  Mond^'H,  C. 

New  French  Observatory. — M.  Mascart,  the  director  of  the 
French  central  meteorological  Bureau,  presented  to  a  late  session  of 
the  scientific  association  the  plan  for  establishing  an  observatory  on  the 
summit  of  Mont  Ventoux,  X.  E.  of  Carpentras.  It  rises  suddenly 
1960  metres  [1*22  miles]  above  a  great  plain  which  extends  without 
any  marked  interruption  to  the  shores  of  the  Mediterranean ;  it  is  easy 
of  access  at  all  seasons  and  is  isolated  from  any  interfering  influence 
by  neighboring  summits.  An  observatory  at  this  point  would  com- 
plete for  the  south  of  France  the  system  constituted  upon  the  north  by 
the  observatory  of  the  Puy-de-Dome,  and  on  the  southwest  by  the 
observatory  of  the  Pic-du-midi ;  it  would  furnish  valuable  indications 
for  meteorological  forecast^,  useful  both  to  sailors  and  to  agriculturists, 
and  it  will  be  able  to  render  important  service  to  science  in  various 
other  ways.  The  cost  of  the  buildings  and  road  will  not  exceeil 
150,000  fr.  [$30,000].— 7?^;/.  de  la  Soc.  Scientijique.  C. 
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Adhesion  of  Mortar. — In  building  the  Pont  de  Claix,  some 
experimental  blocks  were  joined  by  mortar  which  was  allowed  to  harden 
for  three  years,  when  the  mortar  was  broken  by  an  average  load  of 
10*0125  kilogranmies  per  square  centimetre  [142*228  lbs.  per  square 
inch].  This  experiment  seems  to  show  that  the  adhesion  of  mortar  to 
stone  is  only  about  one-third  as  great  as  the  cohesion  of  the  mortar 
itself.  The  result  is  noteworthy,  as  this  adhesion  is  the  true  measure 
of  the  resistance  of  masonry.  Further  experiments  of  a  similar  kind 
are  desirable,  in  order  to  establish  formal  conclusions. — Ann,  des^ 
Ponts  et  Chauss,  C. 

Comparison  of  Obelisks. — In  erecting  the  obelisk  of  Luxor 
more  than  200  men  and  a  very  complicated  mass  of  machinery  were 
required.  Only  25  men  and  very  simple  apparatus  were  used  in  erect- 
ing Cleopatra^s  Needle  upon  the  Thames  embankment.  The  transport 
and  erection  of  the  obelisk  of  Luxor  cost  the  French  Government 
nearly  1,500,000  francs ;  the  expenses  for  the  same  operations  upon 
Cleopatra^s  Needle  only  reached  about  one-fourth  of  that  amount. 
The  following  figures  give  a  comparison  between  the  two  obelisks : 
Cleopatra's  Needle.  Obelisk  of  Luxor. 

Height,  68*5  ft.  74*9  ft. 

Volume,  2528*98  c.  ft.  2945*62  c.  ft. 

Weight,  186  tons.  225*9  tons. 

— Ann,  des  Fonts  et  Chauss,  C. 

Elasticity  of  Alloys. — M.  Phillips  reports  some  experiments  for 
the  determination  of  the  coefficient  of  elasticity  and  of  the  limiting 
elasticity  of  diiferent  bodies.  He  refers  especially  to  a  new  alloy  which 
was  melted  and  cast  by  Matthey  of  London.  Its  density  at  the  freez- 
ing point  is  21*6139.     Its  composition  is : 

Platinum,     .....        80*660 
Iridium,  ....  19*079 

Rhodium,     .  .  .  .  .  -122 

Iron,     .....  *098 

Ruthenium,  .  .         •    .  .  -046 


160*005 
This  alloy  is  so  malleable  and  ductile  that  M.  Sainte-CIaire  Deville 
j>ossesses  a  thread  of  it  which  is  only  a  few  hundreths  of  a  millimetre 
in  diameter  and  is  scarcely  visible.     A  hundreth  of  a  millimetre  is  only 
-^-jVit  ^^  ^^  inch. — Comptes  Rendus,  C. 
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A  New  Academy. — On  the  13th  of  January  the  Humboldt 
Academy  wa**  opened  in  Berlin.  The  object  of  the  institution  is  to 
furnish  an  opportunity  to  supply  special  deficiencies  of  education  to 
persons  who  have  not  been  able  to  avail  themselves  of  a  regular  course 
of  university  instruction. — Fortsch,  der  Zeit.  '  C. 

Lime  Cartridges. — Unslaked  lime  may  be  substituted  for  powder 
in  quarries  if  it  is  compressed  into  cartridges,  placed  in  the  drill  holes 
and  then  saturated  with  water.  By  using  these  cartridges  in  coal  mines 
there  is  less  waste  from  small  coal  than  when  ordinary  powder  is 
employed,  and  there  is  less  danger  of  accidents  from  the  flying  frag- 
ments and  from  vitiated  air. — ForUch,  der  Zeit,  C. 

Soundings  in  Algeria. — Conmiandant  Roudaire  reports  that  two 
soundings  have  been  completed  and  a  third  is  under  way.  After  pen- 
etrating to  ten  metres  [32*8  ft.]  below  low  wat^r  level  he  found  noth- 
ing but  sands  and  marly  clays.  The  Arabs  come  in  flocks  in  search  of 
work.  It  would  be  easy  to  obtain  any  number  at  90  centimes  [18  cts.] 
j)er  <lay.  Fresh  water  is  found  at  the  depth  of  four  metres  [13'12  ft.] 
below  the  surface  of  the  isthmus  of  Gabes,  even  at  points  which  are 
most  elevated  above  the  level  of  the  sea.  The  advantage  of  this  sup- 
ply will  be  readily  seen  upon  reflecting  that  in  the  piercing  of  the  isth- 
mus of  Suez  it  was  necessary  first  to  employ  2000  camels  to  brmg 
water  to  the  workmen,  and  afterwaixls  to  bring  the  water  of  the 
Nile  along  the  docks  by  means  of  a  canal. — Comptes  Rendus.       C. 

Wood  Dyeing. — G.  A.  Schoen  wished  to  give  an  old  appearance 
to  some  articles  of  oak  wood  by  rubbing  them  with  oil  of  aniline, 
which.  Its  is  well  known,  browns  rapidly,  but  he  could  only  produce  a 
mahogany  tint.  He  then  first  painted  the  wood  with  a  solution  of 
aniline  salt  which  penetrates  the  wood  very  rapidly,  and  colors  it  yel^ 
low.  He  next  gave  a  coating  of  a  solution  of  caustic  soda,  to  set  the 
aniline  at  liberty,  when  there  immediately  appeared  a  deep  brown  hue 
like  that  of  old  oak.  The  same  effect  was  observetl  in  walnut,  plum 
^nd  other  wood.  He  was  equally  successful  in  giving  a  black  tint  to 
various  kinds  of  wood  by  impregnating  them  successively  with  aniline 
salt,  bichromate  of  potash  and  soda,  allowing  them  to  dry  after  each 
application.  The  coloring  was  very  uniform,  penetrating  the  knots  as 
well  as  the  softer  portions  of  the  wood. — BulL  de  la  Soc,  Industr,     C. 
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Tin  in  Tasmania. — Tasmania  appears  to  be  rapidly  becoming  a 
second  Cornwall.  Four  years  ago  the  tin  and  tin  ore  exported  from 
the  colony  amounted  to  only  £7000,  but  in  1877  it  reached  nearly 
£270,000.  The  tin  ore  contains  some  gold,  which  increases  its  value.— ;- 
Fortsch,  der  Zeit  Q, 

The  First  Steel  Bridge  in  America. — Arrangements  have  been: 
concluded  by  General  D.  D.  Smith,  Chief  Engineer  of  the  Chicago 
and  Alton  Railway,  for  constructi^ig  the  first  all-steel  bridge  in  Amer- 
ica. General  Smith  will  be  remembered  by  his  connection  with  the 
U.  S.  Government  Board  for  Testing  the  Strength  of  Iron  and  Steel,  expe- 
riments  which  were  carried  on  by  him  several  years  ago.  His  researches 
have  at  last  brought  him  to  the  conclusion  that  steel  bridges  can  be 
built  cheaper  than  iron,  and  be  equal  in  durability.  The  bridge  will 
be  erected  over  the  Missouri  River  on  the  Chicago  arid  Alton  Railway.. 
It  will  be  of  five  spans  of  350  feet  each.  The  elevation  over  high- 
water  mark  will  not  be  less  than  80  feet,  at  which  height  the  light 
steel  rods  of  the  "  Howe  truss"  will  look  like  silver  cobwebs,  glim- 
mering in  the  sunshine.  For  all  its  frail  appearance,  the  bridge  will 
have  a  strength  reached  by  but  few  existing  structures  in  the  world. 
The  total  amount  of  steel  used  in  the  construction  will  be  about  1500 
tons,  equivalent  to  almost  double  that  quantity  of  iron. — Am,  JonriwJ 
of  Indiistry, 

The  Electric  Light  in  Salt  Mines. — An  experiment  has  recently 
been  made  in  the  application  of  the  electric  light  in  the  Marston  Salt 
Mines,  near  Northwich,  England,one  of  the  largest  in  the  world. 

The  space  to  be  lighted  is  seven  or  eight  acres,  and  30  feet  in  height, 
and  a  single  electric  lamp  was  found  sufficient  to  illuminate  the  whole, 
by  the  reflection  from  the  surfaces  of  the  walls  of  salt.  The  distance 
from  the  machine  to  the  lamp  in  the  experiment  was  300  yards.  The 
The  conducting  wire  was  carried  down  the  shaft,  which  has  a  depth  of 
120  yards,  then  to  the  lamp,  and  the  metal  guides  to  the  cogs  were 
utiilized  in  the  entire  circuit.  The  lamp  had  an  illuminating  power  of 
6000  candles,  and  the  effect  from  the  newly  quarried  portion  of  the 
crystal  rock  was  magical,  the  reflected  light  assuming  a  variety  of 
colors. 

Beside  the  other  advantages  of  the  electric  light  the  cost  in  compa- 
rison with  candles,  heretofore  used,  promises  well  for  its  adoption. — 
Iron, 
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Hydro-Electricity    and    Hydro-Magnetism.— M.    C.   A. 

Bjerknes  reports  to  the  French  Academy  the  results  of  experiments 
for  verifying  his  theories.  The  exj^eriments  were  performed  in  the 
physical  cabinet  of  the  University  of  Christiana  with  the  aid  of  M , 
+Svendsen,  and  resulted  in  the  complete  verification  of  his  theories. 
They  embraced,  first,  the  action  between  two  pulsating  bodies ;  second, 
between  a  pulsating  knd  an  oscillating  body ;  third,  between  two  oscil- 
lating spheres.  In  every  instance,  even  when  it  was  necessary  to  place 
the  vibrating  bodies  where  it  was  suspected  that  the  disturbing  action 
of  secondary  forces  would  become  ver\^  strong,  the  results  conformed 
to  those  of  the  analytical  researches,  whenever  the  vibrations  were  r^- 
ular  and  had  a  nearly  uniform  intensity.  The  attractions,  the  repul- 
sions, the  normal  displacements  from  the  central  line,  and  even  the 
deviations  around  the  centres  of  the  oscillations  were  such  as  his  for- 
mulas had  announced. —  Comptes  Rendus,  C. 
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Slide  Valve  Gears.     By  Hugo  Bilgram.     Philadelphia :  Claxton, 
Remsen  &  Haffelfinger.     1878.     12mo,  pp.  125. 

Steam  engine  designers  fully  appreciate  the  advantages  of  diagrams 
for  showing  the  functions  of  the  valve  gear  graphically,  and  Zeuner 
has  generally  been  considered  the  best,  the  only  difficulty  being  that, 
when  applied  to  link  motions  and  other  complicated  cut-off  gears, 
mathematical  and  geometrical  intricacies  have  to  be  unraveled,  which 
is  a  somewhat  tedious  process  to  practical  men. 

By  a  modification  of  Zeuner's  diagram,  the  author  of  the  above 
work  has  rendered  this  process  entirely  graphical,  at  the  same  time 
securing  greater  distinctness^  and  clearness  with  regard  to  the  positions 
and  measurements  required. 

The  introduction  gives  a  clear  and  concise  explanation  of  the  distri- 
bution of  steam  in  the  cylinder,  while  Part  I  treats  of  the  common 
slide  valve.  Part  II  of  link  motions,  and  Part  III  of  independent 
cut-off  gears,  and  the  author,  even  in .  treating  the  most  complicated 
problems,  fully  establishes  the  simplicity,  distinctness  and  clearness  of 
his  diagrams. 

Among  those  matters  that  are  treated  in  an  original  yet  simple  man- 
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ner  may  be  specially  mentioned :  area  of  ports,  velocity  of  valve,  scope 
of  the  common  valve,  influence  of  obliquity  of  rods,  theory  of  link 
motions,  their  irregularities  and  the  correction  of  the  latter,  the  influ- 
ence of  the  mode  of  suspension,  the  investigations  of  diiferent  inde- 
|3endent  cut-off  gears,  etc.  The  author's  patent  cut-off  gear,  while 
simple  in  its  construction,  is  a  somewhat  difficult  problem  to  study, 
hut  may  be  considered  one  of  the  most  interesting. 

While  tliere  are  many  works  on  valve  gears  intensely  practical, 
others  again  intensely  scientific,  the  present  treatise  may  be  called 
^*  practical  on  a  true  scientific  basis,"  and  for  this  reason  it  will  be 
especially  valuable  to  students.  J.  H. 


The  Ret.ative  Proportions  of  the  Steam  Engine.  By  W.  D. 
Marks.  Philadelphia:  J.  B.  Lippincott  &  Co.  1877.  Small 
8vo,  pp.  161. 

Legion  is  the  number  of  Hand  and  Pocket  books  that  treat  of  the 
4ibove  subject,  but  the  rules  given  by  the  majority  of  them  are  of  the 
most  rude  and  empirical  kind;  generally  all  the  proportions  are 
deduct  from  the  diameter  of  the  steam  cylinder;  sometimes  the  stroke 
4ind  pressure  of  steam  may  be  taken  into  consideration. 

Now  this  might  be  well  enough  for  a  workshop,  where  only  one 
style  or  class  of  engine  is  built,  but  it  will  inevitably  lead  to  failure 
at  the  least  departure  from  the  beaten  track. 

The  al)ove  work  is  written  with  a  view  of  eff'ecting  a  radical  cure  of 
this  evil,  by  going  back  to  first  principles,  in  investigating  the  actual 
strain  upon  each  part  of  the  steam  engine,  and  proportioning  it  in 
accordance  with  the  laws  of  the  strength  of  materials.  This  treatment 
also  gives  students  a  thorough  understanding  of  the  principles  of  con- 
structing details,  freeing  them  from  the  necessity  of  mere  copying  and 
following  precedents. 

The  author  frequently  cites  and  refers  to  eminent  writers  like  Weis- 
bach,  Reuleaux,  Rankine,  etc.,  sometimes  simplifying  and  condensing 
their  too  intricate  arguments. 

The  articles  on  piston  and  connecting  rods  (both  iron  and  steel), 
showing  how  far  in  practice  some  theoretical  considerations  may  be 
neglected ;  those  on  crank  pins,  journals  and  boxes,  also  investigating 
the  influence  and  work  of  friction ;  on  the  action  of  the  reciprocating 
parts ;  on  different  forms  of  cranks  ;  on  flywheels,  etc.,  are  interesting, 
:and  show  considerable  original  research.  J.  H. 
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The  Strength  of  Materials.     By  William  Kent,  M.  E.     New 
York:  D.  Van  Nostrand.     1879.     16mo,  pp.  139. 

This  little  book  is  written  with  v^arious  objects  in  view,  the  first  and 
most  important  being  to  show  the  wrong  basis  on  which  the  tests 
(as  a  general  thing)  are  made,  having  for  results  figures  which  are  not 
compatible.  This  is  owing,  as  the  author  justly  explains,  to  the  want 
of  harmony  in  the  exi)eriments ;  for  example,  it  would  be  absurd  to 
compare  the  strength  of  two  metals  of  the  same  nature  that  had  been 
submitted  to  a  pressure  of  several  thousand  pounds  when  the  samples 
chosen  were  not  of  the  same  length  or  section,  etc.  We  are  sorry  to 
say  that  such  is  the  case,  and  our  engineers  rely  too  much  upon  ext>er- 
iments  of  others  rather  than  their  own,  having  for  results  accidents 
too  numerous  to  mention.  If  these  tests  were  complicated  or  required 
considerable  time,  there  might  be  a  pardonable  excuse,  but  as  a  general 
thing  they  are  most  simple,  and  can  be  accomplished  in  a  few  hours^ 
or  even  minutes,  as  the  case  may  be. 

The  author  gives  a  synopsis  of  the  various  methods  of  testing  the 
strength  of  materials,  and  shows  the  probable  error  one  has  to  contend 
with,  and  the  manner  of  preventing  the  same.  We  are  glad  to  see 
that  the  graphical  comparative  diagrams  have  been  recommended,  as 
these  give  the  experimenter  a  much  better  idea  of  what  he  is  to  expect 
than  the  tables  that  too  frequently  help  to  fill  a  volume.  In  conclu- 
sion, the  reviewer  would  state  that  the  interesting  articles  by  Professor 
Thurston  and  Mr.  Townsend  which  have  appeared  in  this  journal 
are  frequently  and  judiciously  referred  to.  W. 


Formula  for  the  Calculation  of  Railroad  Excavation  and 
Embankment.  By  John  Woodbridge  Davis,  C.  E.  New  York: 
Gillis  Bros.     1877*.     8vo,  pp.  106. 

This  method  consists  in  finding  first  an  approximate  volume  by 
averaging  and  areas,  and  if  greater  accuracy  be  desired,  it  may  readily 
be  obtained  by  applying  a  formula  for  correcticMis  which  gives  the  dif- 
ference between  the  approximate  and  true  contents  for  ground  of  any 
figure.  The  results  are  systematically  arranged,  and  the  labor  of  cal- 
culating continuous  excavations  over  very  irregular  ground  is  gi'eatly 
abridged.  The  work  is  used  as  a  text-book  in  a  number  of  our  engi- 
neering schools,  and  the  method  is  destined  to  become  general.  We 
can  cheerfully  recommend  it.  H. 
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Les  Fonts  de  l'Amerique  du  Nord  Etude,  CalcuL;^  Descrip- 
tion DE  ces  Fonts.  Par  L.  Ant.  ComoHi,  Ingenieur.  Paris : 
Lefevre.     1879.     2  vols.     Text  and  plates. 

This  work  is  a  treatise  on  the  various  systems  of  iron,  wooden  and 
combination  bridges  erected,  or  in  process  of  construction  in  America. 
The  text  (a  quarto)  contains  213  diagrams  and  figures  illustrating  the 
various  systems,  and  gives  a  brief  analysis  with  strain  diagrams.  The 
folio  atlas  contains  54  plates  of  bridges,  in  mtu,  with  details  and  dimen- 
sions. 

The  theoretical  discussions  are  based  upon  the  method  of  moments, 
and  for  the  strength  of  materials  the  formulae  of  Hodgkinson  and 
Gordon  are  employed.  The  analyses  are  simple  and  clear,  and  the 
work  generally  quite  complete.  We  fail,  however,  to  find  more  than 
a  single  instance  of  the  tubular  girder,  and  the  greatest  type  of  that 
cJass,  viz.,  the  Victoria  bridge,  is  not  mentioned. 

The  same  may  be  said  of  the  magnificent  structure  crossing  the  Mis- 
sisvsippi  River  at  St.  Louis,  of  which  only  a  brief  notice  is  given  in 
the  text,  extending  over  a  few  lines.  The  plates  and  paper  are  not 
of  a  very  good  quality,  but  sufficient  to  illustrate  the  work,  and  all 
that  should  be  expected  for  the  very  reasonable  price  at  which  it  is 
offered — 45  francs.  H. 


Railway  Service.  Trains  and  Stations — describing  the  Manner  of 
Operating  Trains  and  the  Duties  of  Train  and  Station  Officials. 
By  Marshall  M.  Kirkman.  Published  by  the  Railroad  Gazette, 
New  York.     8vo,  pp.  271. 

This  is  a  practical  little  work  on  the  important  subject  above  indi- 
cated. The  duties  of  operating  roads  are  sometimes  entrusted  to  inex- 
perienced or  careless  men,  who  risk  the  lives  of  their  patrons  by  neg- 
lecting ordinary  precautions.  With  such  a  guide  as  this  manual  before 
them,  and  the  exercise  of  proper  care,  any  manager  should  be  able 
readily  to  eliminate  from  travel  all  accidents  except  those  resulting 
from  breakage  or  fire. 

The  author  has  carefully  compared  the  numerous  systems  in  use  in 
both  England  and  America,  and  gives  his  results  in  a  clear  and  con- 
densed form,  with  numerous  rules  for  making  up  and  dispatching 
trains,  methods  of  signaling,  rights  of  trains,  insfructions  to  employees, 
and  all  kindred  subjects,  constituting  a  manual  which  should  be  in  the 
possession  of  every  railroad  employee  or  agent.  H. 
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Turbine  Wheels.     By  Prof.  W.  P.  Trowbridge.     New  York :  D. 

Van  Nostrand,  1879.     16mo,  pp.  88. 
Treatise  Relative  to  Testing  of  Water  Wheels,  etc.     By 

James  Emerson.     Willimansett,  Mass. :  Published  by  the  Author. 

1878.    16mo,  pp.  216. 

These  two  works  are  grouped  in  One  notice  as  presenting  the  two 
extremes  of  information  desirable  to  possess  in  turbine  construction. 

The  first  treatise  is  one  of  a  series  of  reprints  from  Van  Nostrand's 
Mcvgazine,  which  have  been  published  separately  under  the  name  of 
*'  Science  Series, "  intended  to  convey  [_information  in  physics  and 
mechanics  from  the  best  authorities  with  the  latest  acquired  knowledge. 
In  this  instance  the  treatise  on  "  Turbine  Wheels  "  is  a  simple  discus- 
sion of  the  condition  of  impact  and  reaction  of  the  stream  of  fluid 
in  contact  with,  or  deriving  direction  from  contact  with,  the  guide,  or 
blade.  This  inquiry  Ls  divested  generally  of  all  mechanical  construc- 
tion, except  the  exhibition  of  six  methods  of  combining  the  pipe  for 
carrying  the  influent  water,  the  wheel  to  which  motion  is  imparted  by 
the  flow  of  water  and  the  pipe  dispersing  the  eflluent  stream;  and 
adopting  these  methods  the  study  is  restricted  to  some  consideration 
as  to  the  flow  of  water  in  contact  with  blades  of  accepted  shape. 

The  merit  of  the  turbine  as  a  motor  consists  in  the  propositions  first 
demonstrated  by  Fourneyron,  that  it  was  possible  to  attain  with  defined 
relation  of  dimensions  of  a  wheel  having  blades  of  certain  shape ;  through 
or  between  which  a  stream  of  water  was  permitted  to  flow  freely,  that 
is,  without  any  obstruction  in  the  nature  of  a  closure,  a  useful  effect 
nearly  equivalent  to  the  complete  motive  power  derivable  from  a  given 
flow  of  water,  considered  as  weight  falling  so  far  each  instant  of  time. 
The  wheels  themselves  in  crude  form  mechanically,  bt^t  typical  to  most 
if  not  all  of  the  recent  so-called  improvements,  had  existed  for  years  if 
not  centuries  in  the  mountainous  parts  of  France  and  Germany,  and 
Fourneyron  is  believed  to  have  first  considered  and  developed  their 
capability.  Although  he  adapted  to  practice  one  form,  he  was  not  at 
all  an  inventor  of  that  form.  He  elucidated  the  possibilities  of  a  whole 
class  of  water  motors  at  the  time  when  the  science  of  niillwork 
allowed  the  economic  substitution  of  metallic  construction  for  the  old 
wood  work  of  the  millwright.  The  turbine  of  to-day,  as  a  whole,  not 
a  particular  form,  is  Fourneyron's.  Not  that  some  one  else  would  not 
have  initiated  the  consideration,  had  Fourneyron  not  done  so,  but  that 
he  and  he  alone  did  initiate  it  in  its  totality. 

The  study  commenced  by  Fourneyron  was  pursued  by  others,  of  whom 
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notably  Weisbach,  the  most  thorough  investigator  in  practical  mechanics 
in  this  century  perhaps,  added  most  to  the  theory  of  the  turbine.  It  is  not 
to  be  denied  that  the  best  authorities  in  theor}^  make  mistakes.  The  com- 
putations of  daily  life  are  full  of  blunders.  Weisbach  is  freer  from  error 
than  most  other  authorities  and  he  is  more  complete  in  his  theory.  There 
are  certain  things  which  become  accepted  in  text  books.  Thus  the 
proposition,  which  is  the  foundation  of  the  Poncelet  wheel,  that  max- 
imum effect  is  obtained  when  the  water  enters  the  wheel  without  shock 
and  leaves  it  without  velocity  has  had  general  acceptation  as  a  theor}^, 
while  the  impossibility  of  the  conditions  have  been  admitted,  and 
Weisbach  with  others  have  pursued  their  investigations  on  more  tenable 
bases.  The  assertion  may  remain,  the  application  is  completely 
ignored. 

The  student  in  science  or  in  the  limited  branch  of  practical  mechan- 
ics who  accepts  authority  most  inevitably  go  wrong;  he  has  two  causes 
of  error,  first  that  in  his  text  book,  and  second  that  of  his  reading  of  his 
text  book.  "  Prove  everything  and  hold  fast  to  that  which  is  good.'' 
It  remains  to  say  that  this  little  treatise  of  Prof.  Trowbridge  is  a  val- 
uable addition  to  the  study  of  the  turbine. 

The  second  work  by  Mr.  Emerson  is  a  singular  collection  of  experi- 
mental and  other  data  on  sundry  and  several  patented  turbines.  Unless 
some  singular  peculiarity  call  for  a  new  study,  the  mill-owner  of  to-day 
must  seek  some  turbine  which  has  a  commercial  existence ;  one  of  which 
the  details  of  construction  shall  give  a  durability  in  service  as  well  as  a 
high  theoretic  economy.  From  this  book  as  authority  the  would-be 
purchaser  can  take  a  choice.  It  is  a  book  calculated  to  instruct  him 
especially  as  to  who  will  accurately  test  his  turbine  after  he  has  pur- 
chased it.  It  may  not  be  so  happy  for  the  puixjhaser  to  appreciate  that 
he  has  to  deal  with  men  who,  as  turbine  builders,  are  asserted  by  Mr. 
Emerson  to  be  incapable  of  doing  "  a  strictly  honorable  turbine  business 
under  existing  circumstances  "  (the  italics  are  in  the  original).  People 
will  buy  fast  horses,  and  they  will  get  cheated.  "  Purchasers  require 
the  highest  results  at  the  lowest  prices,  and  there  are  scores  ready  to 
guarantee  such,  so  far  as  talk  is  concerned." 

As  a  collection  of  data  of  patented  turbines  having  had  commercial 
standing  the  past  ten  years,  this  book  of  Mr.  Emerson  is  a  desirable 
possession  to  the  hydraulic  engineer,  and  will  yearly  become  of  greater 
value  when  the  publication  shall  exhibit  what  one  is  free  to  adopt  in 
the  details  of  construction  of  the  correctly  proportioned  turbine.       B. 
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VoussoiR  Arches  Applied  to  Stone  Bridges,  Tunnels,  Domes^ 
AND  Groined  Arches.  By  William  Cain,  C.  E.  New  York :. 
D.  Van  Nostrand,  1879.     16mo,  pp.  196. 

This  little  treatise  forms  No.  42  of  Van  Xostrand's  Science  Series,, 
and  is  a  continuation  of  No.  12  of  the  same  series.  The  author  has 
endeavored  to  introduce  to  American  readers  the  fundamental  principles 
of  Dr.  Scheffler^s  theory  of  arches.  We  do  not  understand  why  at 
this  day  an  effort  should  be  made  to  revive  a  theory  which,  though 
unquestionably  the  best  at  the  time  of  its  publication  (1857),  has  since^ 
been  greatly  improved  and  almost  entirely  superceded  by  the  metho<l 
of  graphical  statics.  But,  as  the  treatment  is  simple  and  limited  to- 
practical  cases,  and  as  the  results  are  nearly  the  same  as  those  given  by 
later  theories,  it  may  be  useful  especially  to  those  who  are  unaccustomed 
to  graphical  solutions.  In  the  first  number  the  author  considered 
incompressible  voussoirs,  in  the  present  the  effect  of  the  compressibil- 
ity of  the  material  is  examined.  The  ultimate  conclusions,  however^ 
are  found  to  be  the  same  as  before,  but  the  applications  have  been 
greatly  extended.  After  giving  some  general  principles,  one  of  which^ 
asserting  the  entire  absence  of  tensile  strains  in  a  voussoir  arch,  we 
think  should  be  seriously  doubted ;  the  author  investigates  the  stability 
of  arches  in  general,  adding  some  practical  suggestions.  Then  he  shows 
the  influence  of  spandrel  fillings  and  gives  the  proper  dimensions  for 
keys  and  widths  of  abutments  and  piers.  Following  are  some  theo- 
retical discussions  on  the  height  of  surcharge  necessary  to  bring  the 
line  of  pressure  to  the  centre  of  the  arch  ring,  and  on  the  lines  of  pres- 
sure corresponding  to  minimum  and  maximum  horizontal  thrust.  The 
latter  half  of  the  volume  is  taken  up  with  a  \^ry  complete  treatment 
of  underground  arches  (culverts  and  tunnels),  groined  and  cloistered 
arches  and  domes.  The  author  generally  recommends  even  narrower 
limits  for  the  line  of  pressure  in  these  various  structures  than  the  usual 
"  middle  third,"  and  also  that  the  depth  of  arch  stones  should  always 
be  increased  towards  the  abutment.  He  occasionally  finds  it  convenient 
to  resort  to  graphical  constructions  on  account  of  their  simplicity  and 
elegance,  but  does  not  consider  them  in  the  light  of  special  cases  of  a 
general  method  covering  the  entire  subject.  The  little  book  is  well 
filled  with  practical  examples  illustrating  the  various  propositions.  It 
is  to  be  regretted  that  the  subdivisions  were  not  n\ore  clearly  stated 
and  arranged,  also  that  neither  a  table  of  contents  or  an  index  has 
been  inserted.     It  requires  a  careful  search  among  196  pages  to  find  a 
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<lesired  problem,  and  for  practical  use  this  is  certainly  a  great  incon- 
venience. H. 


The  Pattern  Maker's  Assistant.    By  Joshua  Rose,  M.  E.    New 
York :  D.  Van  Nostrand,  1878.     12mo,  pp.  324. 

The  title  of  this  work  is  not  conformable  to  its  preface,  which  sets 
forth  that  it  is  intended  "  to  be  useful  to  apprentice  pattern  makers 
and  also  to  practical  machinists."  An  examination  of  the  book  is  not 
satisfactory  to  establish  that  it  will  fill  either  requisite.  In  no  one 
regard  is  it  thorough.  The  calling  of  a  pattern  maker  cannot  be  set 
forth  with  the  fulness  which  the  apprentice  or  machinist  requires  in 
the  small  book  now  offered,  while  the  tables  and  data  which  a  compe- 
tent pattern  maker  requires  for  reference  are  much  more  extensive 
than  are  here  given.  The  common  handbooks  for  the  mechanic  will  be 
found  to  contain  more  full  general  tables,  while  the  particular 
ones  given  are  far  from  convenient  for  a  pattern  maker's  use.  With 
much  novel  information  in  the  practice  of  the  pattern  room  and  foun- 
dry, there  is  so  much  not  said,  that  the  work  is  not  a  safe  instructor 
to  the  novice  and  of  little  use  to  the  skilled  mechanic.  B. 


Franklin    Institute, 


Hall  of  the  Institute,  April  16th,  1879. 

The  stated  meeting  was  called  to  order  at  8  o^clock  P.  M.,  the  Pres- 
ident, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  154  member  and  29  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers  and 
reported  that  at  the  last  meeting  8  persons  were  elected  members  of 
the  IiLstitute,  and  reported  also  the  following  donations  to  the  Library : 

Bulletin  of  the  Royal  Academy  of  Belgium.  Vol.  1,  1832,  to  Vol. 
46,  1878,  inclusive. 

Indexes  to  First  Series,  1832—1856,  and  Second  Series,  1857 — 
1866. 

Annuaire  of  the  Academy,  1846  to  1858,  and  1860  to  1879,  inclu- 
sive. From  the  Academy. 

British  Patent  Specifications  and  Drawings.  From  Nos.  4501  to 
4949,  1877,  and  from  No.  1  to  1200,  1878. 
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Disclaimers  and  Memorandums  of  Alterations.     No.  1408,  1870 ; 
8101,  1873;  3217,  1876;  244,  2294,  3011,  3213,  1878. 

Abridgments  of  British  Patent  Specifications  relating  to 

1st.  Agriculture.     Div.  1.  Field  Implements.     1867 — 1876. 
2d.  Bleaching,  Dyeing,  etc.     Part  3.     1867—1876. 
3d.  letterpress  and  Similar  Printing.     Part  2.     1858—1866. 
4th.  Photography.     Part  3.     1867—1876. 

5th.  Washing  and  Wringing  Machines.     Part  2.     1867 — 1876, 

London,  1878. 

Report  on  the  Meteorology  of  India  in  1876.     By  H.  F.  Blanford. 
Second  year.     Calcutta,  1878. 

Report  on  the  Administration  of  the  Meteorological  Department  of 
the  Government  of  India  in  1876-77. 

Indian  Meteorological   Memoirs.     By  H.   F.  Blanford.     Vol.   K 
Part  2.     Calcutta,  1878. 

From  the  Meteorological  Department  of  the  Government  of  India. 

Quarterly  Weather  Report  of  the  Meteorological  Office.     Part  4. 
October — December,  1875.     London,  1879. 

From  the  Meteorological  Committee  of  the  Royal  Society. 

Reports  and  Charter  and  By-Laws  of  the  Fairmount  Park  Art  Asso- 
ciation.    1,871  to  1879.  '  From  J.  B.  Cox,  Secretary, 

Atmospheric  Electricity.     By  David  Brooks.     Philadelphia. 

From  the  Author, 

Sixth  Annual  Report  of  the  Lowell  Water  Board  to  the  City  CoimciL 
January  13,  1879.      From  A.  A.  Haggett,  President  of  the  Board. 

Quarterly  Report  of  the  Chief  of  the  Bureau  of  Statistics.  Trea- 
sury Department.     For  three  months  ended  Sept.  30,  1878. 

From  Chief  of  Bureau  of  Statistics 

Jura  Trias  Section  of  Southeastern  Idaho  and  Western  Wyoming. 
By  A.  C.  Peale,  U.  S.  Geol.  and  Geog.  Survey.     From  the  Author. 

Verein  der  Deutschen  Ingenieure.  Verzeichniss  der  Mitglieder. 
1879.     Berlin.  From  the  Society. 

Transactions  of  the  American  Institute  of  Mining  Engineers.  VoL 
6.     May,  1877,  to  February,  1878.     Easton,  1879. 

From  the  Institute. 

Geological  Survey  of  Japan.  Report  on  the  Second  Year's  Pro- 
gress of  the  Survey  of  the  Oil  Lands  of  Japan.  By  Benj.  Smith 
Lyman.     Tokei,  1878. 

From  K.  S.  Otori,  Chief  Secretary  of  Public  Works  of  Japan. 

Ninth  Annual  Report  of  the  Board  of  Directors  of  City  Trusts. 
1878.  From  the  Directors. 
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Annual  Report  of  the  Oj^erations  of  the  United  States  Life-Saving 
Service  for  the  Fiscal  Year  ending  June  30,  1878. 

From  the  Treasury  Department. 

Report  of  the  Philadelphia  Yellow  Fever  Committee.  Appointed 
Aug.  22,  1878.  From  the  Committee. 

Annual  Report  of  the  Friends'  Free  Librarj^  and  Reading  Room, 
with  Catalogue  of  New  Books.  From  the  Library. 

Annual  Report  of  the  Director  of  Harvard  College.  Presented 
Nov.  14,  1878.     Cambridge,  1879.       From  Prof.  E.  C.  Pickering. 

Transactions  of  the  Literary  and  Historical  Society  of  Quebec. 
Seasion  of  1878.     Quebec,  1879.  From  the  Society. 

Annual  Report  of  the  State  Geologist  of  New  Jersey.     1878. 

From  the  State  Geologist,  G.  H.  Cook. 

Publications  of  the  Royal  Institute  of  Superior  Study,  Florence,  Italy, 
a^  follows  : 

Session  of  Philosophy  and  Philology.     Vol.  1  and  Vol.  2.     Parts 

1—5, 1875—1877! 
II  Commento  Medio  di  Averroe  alia  retorica  di  Aristotele.    Fascigalo 
1.     1877. 
.  Session  of  Physical  and  Natural  Sciences.     D.  G.  Gavanna.     Stmli 
E.  Ricerche  sui  Pichogonide.     Part  1.     Anatomy  and  Biologv. 
1877. 
Session  of  Physical  and  Natural  Sciences.     Vol.  1.     1877. 
Session  of  Medicine  and  Surgery.     Vol.  1.     1876. 
Opere  publicate  dai  professori  della  sezione  di  scienze  fisiche  e  Nat- 
urali  del  R.  Instituto  superiore. 

Annual  Report  of  the  Adjutant-General  of  Pennsylvania  for  1878. 

From  J.  AV.  Latta,  Adjutant-General. 

Astronomical  and  Meteorological  Observations  made  during  the 
Year  1875  at  the  U.  S.  Naval  Observatory.  Rear-Admiral  C.  H. 
Davis,  Superintendent.     Washington,  1878. 

From  Naval  Observatory. 

Specifications  and  Drawings  of  Patents,  U.  S.  Patent  Office,  for 
October  and  November,  1878.  From  U.  S.  Patent  Office. 

Mr.  George  Richards  read  a  paper  on  "  Machines  and  Implements  for 
Measuring."  An  interesting  discussion  followed  the  reading  of  the 
paper,  participated  in  by  Messrs.  Shaw  and  Jenks. 

Mr.  Goodwin  described  his  Gas  Stoves,  and  pointed  out  their  merits, 
and  their  economy  over  the  ordinary  cooking  range.  A  variety  of  sizes 
of  stoves  were  exhibited. 
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The  Secretary  read  a  paper  on  the  History  and  Construction  of  Type- 
Writing  Machines,  in  which  it  was  claimed  that  the  instrument  as  now 
made  is  as  nearly  perfect  as  it  is  likely  to  be.  The  agent,  Mr.  Travis, 
exhibited  his  skill  in  writing  with  it.  Manifold  copies,  and  other  spe- 
cimens were  distributed  to  the  members.  One  of  the  early  machines 
was  also  shown  and  the  great  difference  in  construction  pointed  out. 

Massey's  Arcagraph  for  describing  Segments  of  Circles  was  next 
exhibited,  and  a  brief  account  of  it  read.  The  instrument  is  a  practi- 
cal (jne.  By  its  use  the  segment  is  described  directly  upon  the  board 
or  other  material  to  be  used,  and  as  many  segments  as  may  be  required 
to  form  the  arch  laid  out  with  precision. 

Sidle's  Centering  Turn-table,  for  mounting  microscopic  objects, 
was  shown,  and  its  arrangement  for  centering  the  slide,  which  is  done 
by  means  of  toothed  wheels  beneath  the  table,  explained.  The  feet 
can  be  detached  from  the  stand,  and  the  clamping  screw  used  to  secure 
it  firmly  to  the  table  if  desired. 

Warner's  Water-tube  Boiler  was  described,  and  a  model  shown.  A 
mysterious  clock  in  which  the  works  are  concealed  in  the  base,  and  the 
movement  transmitted  to  the  hands  by  means  of  a  glass  rod  which 
passes  through  a  glass  tube  supporting  the  skeleton  dial,  was  exhibited, 
as  well  as  MacQueen's  Pipe  Clearer  conveying  the  force  of  the  hydrant 
directly  to  the  obstructed  pipe. 

The  construction  of  the  Retort  Gas  Stoves  of  the  Providence  Com- 
pany, Rhode  Island,  was  explained,  and  the  greatly  increased  heat,  from 
the  superheating  of  the  gas,  mentioned.  Several  styles  of  the  stoves 
and  ovens  were  shown.  A  magnificent  photograph  of  the  Arch  of  Con- 
stantine,  30  inches  by  40  in  size,  taken  and  printed  from  one  negative, 
was  exhibited. 

The  President  announced  the  death  of  Dr.  Isaac  Hays,  who  was  the 
ninth  on  the  list  of  signers  to  the  Constitution  of  the  Institute.  Dr. 
Hays  was  elected  Corresponding  Secretary  of  the  Institute  in  Januar}', 
1828,  which  office  he  held  until  January  1840,  when  he  was  succeeded 
by  Prof.  Alexander  Dallas  Bache. 

Mr.  Mitchell  moved  that  a  committee  be  appointed  by  the  President 
to  prepare  suitable  resolutions  on  the  death  of  Dr.  Hays,  which  was 
adopted.  Mr.  Frederick  Fraley,  Dr.  Robert  E.  Rogers  and  Mr. 
Charles  Bullock  were  named  as  the  committee. 

On  motion,  the  meeting  adjourned. 

Isaac  Norris,  M.D.,  Secretary  pro  fern. 
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PRACTICAL  SCIENTIFIC  BOOKS. 


ELECTRIC  LIGHTING:  Its  State 
and  Progress,  and  its  probable  In- 
fluence upon  the  Gas  Interests. 
By  John  T.  Sprague.  8vo,  paper, 
40  cents. 

HEAT.— A  Practical  Treatise  on 
Heat,  as  applied  to  the  Useful 
Arts,  for  the  use  of  Engineers, 
Architects,  etc.  By  Thomas  Box. 
Second  Edition.  Plates.  8vo, 
cloth,  $5.00. 

CO  AL.— A  Practical  Treatise  on  Coal 
Mining.  By  George  G.  Andr^,  F. 
G.S.  Complete  in  two  volumes, 
royal  4to,  cloth,  containing  550 
pages  of  letter-press  and  84  plates  of 

firactical  drawings.  Price,  $28.00. 
NING  MACHINERY.  — A  De- 
scriptive Treatise  on  the  Machin- 
ery, Tools,  and  other  Appliances 
used  in  Mining.  By  G.  G.  Andr6, 
F.G.8.  7/1  twelve  Monthly  Parts, 
royal  4to,  uniform  with  the  Au- 
thor^ s  Treatise  on  Coal  Mining, 
and  when  complete  ivill  contain 
about  150  Plates  accurately  drawn 
to  scale,  with  descriptive  text. 
Each  part,  price,  $2.00. 

SANITARY  ENGINEERING:  A 
Series  of  Lectures  given  before  the 
School  of  Militarv  Engineering,  at 
Chatham,  1876.  By  J.  Bailey  Den- 
ton, F.G.S.  In  Divisions:  1,  Air: 
2,  Water;  3,  The  Dwelling;  4,  The 
Town  and  the  Village ;  5,  Disposal 
of  Sewage.  In  one  thick  volume  of 
4t^ pages,  royal Svo,  cloth,  contain- 
in//  28  plates,  135  engravings,  and 
tnany  valuable  tables,  $10.00. 

STEAM  ENGINE.— A  Practical 
Treatise  on  the  Steam  Engine,  con- 
taining Plans  and  Arrangements 
of  Details  for  fixed  Steam  Engines, 
with  Essays  on  the  Principles  in- 
volved in  Design  and  Construc- 
tion. By  Arthur  Kigg.  Two  hun- 
dred diagrams,  drawn  on  a  scale 
mifficiently  large  to  be  readily  intel- 
ligible, embellish  the  text;  and 
ninety'Six  lithographed  plates, con- 
taining some  hundreds  of  illustra- 
tions, give  a  series  of  examples 
which  embody  most  that  is  new  and 
admirable  in  the  practice  of  )nod- 
ern  Engineers.  In  one  volume, 
demy  4to,  handsomely  bound  in 
half-morocco,  $17.00.  Also  in 
Twelve  Parts,  price  $1.25  each. 


GAS  MANUFACTURE.— A  Practi- 
cal Treatise  on  the  Manufacture 
and  Distribution  of  Coal  Gas.  By 
Wm.  Richards.  NumerotM  wood 
engra vings  and  largeplates.  Dem,y 
\to,  cloth,  $12.00. 

THE  STEAM  ENGINE.— Const  ler- 
ed  as  a  Heat  Engine :  a  Treatise  on 
the  Theory  of  the  Steam  Engine. 
By  Jas.  H.  Cottrell,  M.  A.  Illus- 
trated by  Diagrams,  Tables,  and 
Examples  from  Practice.  8vo, 
cloth,  $5.00. 

WORKSHOP  RECEIPTS,  for  the 
Use  of  Manufacturers,  Mechanics, 
and  Scientific  Amateurs.  By  Er- 
nest Spon.  Crown  8vo,  cloth ,  with 
illustrations,  $2.00.  » 

WARMING  AND  VENTILATING. 
— A  Practical  Treatise  on  Warm- 
ing Buildings  by  Hot  Water, 
Steam  and  Hot  Air,  and  on  Venti- 
tion.  By  Cha«.  Hood,  F.R.S. 
Fifth  edition,  enlarged  and  im- 
proved.   8vo,  cloth,  $4.25. 

ORNAMENTAL  PENMAN'S,  En- 
graver's, Sign  Writer's,  and  Stone 
Cutter's  Pocket-Book  of  Alpha- 
bets. —  Including  Church  Text 
Egyptian,  Egyptian  Perspective, 
French,  French  Antique,  French 
Renaissance,  German  Text,  Italic, 
Italic  Shaded,  Italic  Hairline, 
Monograms,  Old  English,  Old 
Roman,  Open  Roman,  Open 
Stone,  Ornamental,  Roman, 
Latin,  Rustic,  Tuscan,  etc.  Ob- 
long 32mo,  20  cents. 

GIRDER-MAKING  and  the  Practice 
of  Bridge  Building  in  Wrought 
Iron.  By  E.  Hutchinson,  M.I.M. 
E.    8vo.    Nearly  ready. 

CONCRETE.— A  Practical  Treatise 
on  Natural  and  Artificial  Con- 
crete; its  varieties  and  construc- 
tive adaptations.  By  Henry  Reid, 
C.E.,  author  of  the  '*  Manufacture 
of  Portland  Cement."  8vo,  cloth. 
New  edition.    Nearly  ready. 

POCKET-BOOK  FOR  CHEMISTS, 
Chemical  Manufacturers,  Metal- 
lurgists, Dyers,  Distillers,  Brew- 
ers, Sugar  Refiners,  Photogra- 
phers, Students,  etc.  By  Thos. 
Bayley.  In  convenient  form  for 
easy  reference,  5  in.  by  3  in.,  and 
1  in.  thick,  containing  421  pages, 
bound  in  roan,  $2.00. 


**^Descriptive  Catalogue  of  our  Publications  sent  free  by  mail  on  application, 

E.  ^  T.  N.  SPOX,  446  Broome  St.,  New  Tork. 
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ESTlkSXalSSEEO  1848. 


WM.  SELLERS  &  CO. 


MmmiltQM  Mireet, 

PHILADELPHIA . 


Engineers  and  Machinists. 


JVIANUFACTURERg  Of 


llliiSlL, 


Of  Improved  and  Patented  Designs^ 

Convenient,  C^nicka  a.iid 

EZeoixomiea.1  in.  Operation.- 

nAltWAY  TUHW  TABtES, 

PIVOT    BRIDGES,   ETC. 


SHAFTIN8  AND  MILL  QEARIN6. 


Improved  Ii\jector  Boiler  Feeders, 

OPERATED  BY  A  SINGLE  MOTION  OF  A  LEVER. 


Specifications,  Photographs  and  Pamphlets  sent 
to  any  address  on  application. 
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THE  BOYDEN   PREMIUM. 


URIAH  A.  BOYDEN,  ESQ.,  of  Boston,  Mass.,  I  as  deposited  with  the  FrankliB 
Institute  the  sum  of  odq  thousand  dollars,  to  be  awarded  as  a  premium  to 


"  Adj  resident  of  North  America  who  shall  determine  hj  experiment 

whether  all  rajs  of  light,  and  other  ph^-sieal  rajs,  are  or  are 

not  transmitted  with  the  same  velocity." 

The  following  conditions  have  been  established  for  the  award  of  thi» 
premium : 

1.  Any  resident  of  North  America,  or  of  the  West  India  Islands,  may  be  a 
competitor  for  the  premium ;  the  southern  boundary  of  Mexico  being  consid- 
ered as  the  southern  limit  of  North  America. 

2.  Each  competitor  must  transmit  to  the  Secretary  of  the  Franklin  Institute 
a  memoir,  describing  in  detail  .the  apparatus,  the  mode  of  experimenting,  and 
the  results ;  and  all  memoirs  received  by  him  before  the  first  day  of  January 
one  thousand  eight  hundred  and  eighty,  will,  as  soon  as  possible  after  this  date, 
be  transmitted  to  the  Committee  of  Judges. 

3.  The  Board  of  Managers  of  the  Fi*anklin  Institute  shall,  before  the  first 
day  of  January,  one  thousand  eight  hundred  and  eighty-one  select  three 
citizens  of  the  United  States,  of  competent  scientific  ability,  to  wnom  the 
memoir  shall  be  referred ;  and  the  said  Judges  shall  examine  the  memoirs  and 
report  to  the  Franklin  Institute  whether,  in  their  opinion,  and,  if  so,  which  ot 
their  memoirs  is  worthy  of  the  premium.  And,  on  their  report,  the  Franklin 
Institute  shall  decide  whether  the  premium  shall  be  awarded  as  recommended 
by  the  Judges. 

4.  Every  memoir  shall  be  anonymous,  but  shall  contain  some  motto  or  sigs 
by  which  it  can  be  recognized  and  designated,  and  shall  be  accompanied  by  a 
sealed  envelope,  endorsed  on  the  outside  with  same  motto  or  sign,  and  con- 
taining the  name  and  address  of  the  author  of  the  memoir.  It  shall  be  the 
duty  of  the  Secretary  of  the  Franklin  Institute  to  keep  these  envelopes  securely 
and  unopened  until  the  Judges  shall  have  finished  their  examination ;  when, 
should  the  Judges  be  of  opinion  that  any  one  of  the  memoirs  is  worthy  of  the 
premium,  the  corresponding  envelope  shall  be  opened,  and  the  name  of  the 
author  communicated  to  the  Institute. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments  describecl 
in  any  of  the  memoirs  to  be  repeated  in  their  presence. 

6.  The  memoirs  presented  for  the  premium  shall  become  the  property  of  tht 
Franklin  Institute,  and  shall  be  published  as  it  may  direct 
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JB88UP  &  MOORE, 

FAPEB  MANUFACTUBEBS 

Oflicefl  and  Warehouses: 
No.  27  NOBTH  SIXTH  ST.,  PHILADELPHIA, 

AND 

128  WILLIAM  ST.,  NEW  YOBE. 
Have  on  hand  and  make  to  order  at  short  notice,  News  and  Book  Printing 
Paper,  all  qualities  and  sizes.    Codorus  Mill  Writing  Papers,  Manilla  Papers. 
Importers  of  Chemicals  and  Feltings.    Dealers  in  Paper  Makers'  Materials,  of 
«very  description.    Cash  Market  Prices  paid  for  all  kinds  of  Paper  Stock. 

Feb.  *78.  i;yr. 


JACOB  NAYLOR, 

Successor  to  HUNSWORTH  &  NATLOS, 

3or>los'  "SAT o-rJs^&t 

GIRARD   AVE.   AND    FRONT   STREET 
PHILADELPHIA. 


STEAM  ENGINES,  BOILERS  AND  TANKS, 

Shafting  and  Glaring,  Couplings,  Pulleys  and  Hangeiv. 

STEAM  AND  HAND  CRANES. 

Passenger  and  Freiglit  Hoisting  Maohinery  for  Stores  &  Faotories, 

Marble  Sawing  and   Polishing   Machinery  of  all   Kinds, 

SPECIAL  MACHINERY  AND  FIXTURES  FOR  SOAP  MANUFACTURERS, 
Retorts,  Meters,  Stills,  &c.,for  Chemists. 

Sugar  Boilers,  Tanks  and  Machinery.     Castings  in  green  sand  ci*  Loam,  and 
Machinery  in  general.^ 

^^.  ^W.  TUPPEB  &  GO'S  PATENT  QBATES  AND  QBATE  BAB8. 

RIDER'S  PATENT  AUTOMATIC  CUT-OFF  ENGINE,  either  Vertical  or  HorlKonteL 

. Jan.  *79,lyr. 

NOISE-QUIETINa    NOZZLES. 

FOR  SAFETY  VALVES,  VAOUnM  BRAKES,  &c. 

Quiets  all  the    Objectionable   yoise  fnym   Pop    Valves  and 
Ordinary  Safety   Valves. 

SHAW'S   NOZZLES    FOR    LOCOMOTIVE   SMOKE-STACKS  arrest  Sparks  withotti  aay 
-Screen  whatever.    Address  the  Patentee,  ^ 

jan.'79,iyr.  T.  SHAW,  915  Ridgc  Avenue. 
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liJiBORATORir 

FOR 

PRACTICAL  &  ANALYTICAL  CHEMISTRY. 

CHANT  STREET,  TENTH  STREET,  BELOW  MARKET,  PHILADELPHIA, 
(Rear  of  St.  Stephen's  Church.) 

xifii-z*.AL:BXjXfiiEcz2X>  x^ar  xaae. 

IiiBtruction   glyen    In  CHEMISTRY,   MINERALOGY    and    GEOLOGY,   by  LECTURES   aad 

PRACTICE,  with  especial  reference  to  ANALYSIS,  MANUFACTURES  and  MEDICINE. 

Analyses  made  of  Ores,  Minerals,  GuanoB,  Waters,  and  articles  of  commerce  and  manufacture. 

Opinions  given  on  chemical  questions. 

Jambs  G.  Booth, 

Thos.  H  Garmtt.  booth,    GARRETT    A    BLAIR. 

Andrkw  a.  Blair.  Jan.  78, 1  yr. 

AMERICAN  JOURNAL  OF  MATHEMATICS. 

PURK    AND    A¥>Fi:.IKr>. 

PITBLZSEED  TODEB  TBE  AVSFICES  OF  THE  JOHNS  HOPHNS  VNIVEBSXT7. 


In  yolume^  of  about  384  quarto  pages,  comprising  four  numbers,  issued  quarterly.  Second 
rolume  published  the  present  year. 

Its  primary  object  is  the  publication  of  original  investigations ;  systematic  bibliographies 
and  brief  expositions  of  modern  methods  will  also  be  given. 

BdUor-in-Chitf,  J.  J.  Stltrstbr;  AuociaU  EdiUrrin-Chargf,,  Wiluam  E.  Stort,;  with  the 
co-operation  of  Simon  Newcomb,  of  Washington,  H.  A.  Nbwton,  of  New  Haven,  and  H.  A.  Rowland, 
of  Baltimore. 

Subsoription  Prioe*  $5.00  per  Yolnme ;    Single  Nnmbersi  $1.50. 
Address  WM.  E.  STORY,  Johns  Hopkins  University,  Baltimore,  Md. 

PATEltfTS 

FOR  INVENTIONS,  TRADE  MARKS,  COPYRIGHTS,  &c., 

procared  promptly  and  on  reasonable  terms.     Advice  free.      Call  or 
send  for  a  Book  of  Instructions. 

JOHN  A.  WIEDERSHEIM, 

No.  110  South  Fourth  St.,  Philadelphia. 

A.  F.  FLEISCHMANN, 

mInufacturer  of 

ELECTRC-USSIC^L  APFABAXtTS.  BT7RaLA&  ALABV3,  SISITAL  BBLLS, 
BATTEB7  SU?FLIES,  UODELS,  BBASS  WOSE,  etc , 

No.  602   Arch  Street.  Philadelphia,  Pa. 

0BDEB8  AHD  REPAIRIN&  PEOMPTLY  EXECUTED. 
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VAN   NOSTRAND'S 

ENGINEERING    MAGAZINE 

COMMENCED  JANUARY,  1869, 

FVBLISEES  OVt  TEH  leth  OF  EACH  UOUTE,  AT  $5.00  FEB  TEAS, 

Consists  of  original  contributions  on  all  branches  of  Engineering  Science,  and  selected  articles 
from  the  leading  Foreign  Journals. 

It  is  designed  that  each  number  shall  contain  valuable  papers  relative  to  the  different 
departments  of  engineering  labor.  Space  will  be  given  to  short  discussions  or  elucidations  ot 
important  formulee,  especially  su'^.h  as  have  proved  valuable  in  the  practice  of  the  working 
engineer.    Our  facilities  for  affording  such  Items  are  extensive  and  increasing. 

The  original  coatributions  hereafter  will  form  the  most  prominent  feature,  but  articles 
selected  and  condensed  from  the  English,  Fren'^.h,  German  and  Austrian  engineering  periodi- 
cals will  continue  to  occupy  a  position  as  before,  and  will  contribute  to  maise  this  Magaaine 
valuable  t«  the  engineering  profession,  too  valuable,  in  fact,  for  any  of  our  leading  engineers  to 
be  without. 

It  will  continue  to  occupy  the  same  high  position  in  this  respect  that  It  took  from  its  com- 
mencement. 


^"^JtSf'.  Cloth  coyers  for  Volumes  I.  to  XIX.  inclusive,  elegantly  stamped  in  gilt,  will  be  fur- 
nished by  the  publisher,  for  fifty  cents  each. 

If  the  back  numbers  be  fient,  the  volumes  will  be  bound  neatly  in  black  cloth  and  lettered 
for  seventy-five  cents  each.    The  expense  of  carriage  must  be  borne  by  the  subscriber. 

NOTICE  TO  NEW  SUBSCRIBERS.— Persons  commencing  their  sabscriptionii 
with  the  Twentieth  volume  (January,  1879>,  and  who  are  dej»irous  of  possessing  the  work  from 
its  commencementrWill  be  supplied  with  Volumes  I.  to  XIX.  inclusive,  neatly  bonod  in  cloth, 
for  $50.00,  in  half  morocco,  $78.00. 

NOTICE  TO  CLUBS*~An  extra  copy  will  be  supplied  gratis  to  every  Club  of  Five 
subscribors,  at$VOO  each,  sent  in  one  remittance. 

HOOPES  &  TOWNSEND 

MANUFACTURE 

Maehine^  Car  and  ^rid^e  ^olU^ 

COLD  FUirCESD  SQUASE  AND  HSZAQON  NUTS, 

PLOW  BOLTS,  PATCH  BOLTS, 

BOLT  ENDS,  TRACK  BOLTS, 

WOOD  SCREWS,  WASHERS, 

TANK  RIVETS,  BRIDGE  RODS, 

BODS  aud  bolts  fob  buildiugs. 
^' KE Y8TO:N^:g  "  BOILER  RIVETS, 

OFFICE  AND  WORKS, 

Uo.  1330  Buttonwood  Street,  Fhiladelphia. 
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DS.  JAMES  QLASS, 
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PEAUCELLIER'S   COMPOUND    COMPASS   AND   OTHER 

LINKAGES. 


By  Wm.  D.  Marks, 

Whitney  Profepsor  of  Dynamical  Engineering,  University  of  Pennsylvania. 


The  writer,  in  order  to  avoid  the  use  of  cumbersome  beam  compasses, 
having  designed  for  the  use  of  his  students  a  compoimd  compass, 
upon  the  principles  first  enunciated  by  Peaucellier,  and  not  being  aware 
of  the  existence  of  specific  directions  for  the  construction  of  a  similar 
apparatus,  believes  that  the  following  directions  may  be  of  use  to  the 
engineering  profession,  as  being  suiBciently  explicit  to  admit  of  the 
construction  of  curve  rulers  by  those  able  to  follow  the  simplest  math- 
ematical work. 

The  theory  cannot  be  set  forth  in  a  more  interesting  manner  than 
in  the  subjoined  translation  of  a  paper  written  by  the  inventor,  and 
published  in  the  NouveUes  Anncdes  de  Maihematiqaes,  Deuxieme 
Sferie,  t.  xii,  p.  71.     1873. 

Note  upon  a  Question  of  Compass  Geometry. 
By  M.  Peaucellier. 
(This  problem,  dated  1864,  was  solved  at  that  time,  as  indicated  by 
a  letter  in  the  Nouvdles  Annales  de  Mathimatiques,  2e  s^rie,  t.  iii, 
p.  414.) 
Wmoli  No.  Vol.  CVri.— (Tjiibd  Sebijbs,  Vol.  Ixxvil.)  26 
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362  Marks — Compound  Compass.         [Jour.  Frank.  Inst, 

We  shall  give  the  name  of  Compound  Compass  to  any  articulated 
system  whatever  of  rigid  pieces  in  complete  coimection  (a  liaison  com- 
pete). We  know  that  this  name  is  generally  applied  to  every  assem- 
blage of  bodies  in  such  a  manner  that  the  movement  of  any  point 
whatever  causes  the  movement  of  all  the  others. 

The  pantograph,  the  parallelogram  of  Watt,  etc.,  are  such  assem- 
blages, and  may  be  considered  as  compound  compasses. 

Apparatuses  of  this  kind  possess  the  valuable  advantage  of  requir- 
ing very  small  foi^ces  to  put  them  in  motion,  and  their  displacements 
are  continuous  and  perfectly  regular,  by  reason  of  the  possibility  of 
<5ompletely  suppressing  all  play  in  the  articulations. 

They  have  neither  irregularities  nor  "  lost  motion,"  to  speak  techni- 
cally. 

These  diverse  properties  specially  recommend  them  to  the  construc- 
tor of  instruments  of  precision,  and  we  shall  adopt  tliem  exclusively 
for  the  object  that  we  have  in  view,  that  is  to  say,  the  mechanical 
tracing  of  plane  curves. 

The  line  that  starts  from  any  point  whatever,  guided  by  a  combina- 
tion of  articulated  pieces,  is  necessarily  algebraical.  Reciprocally  one 
perceives  that  all  algebraical  curves  can  be  generated  by  a  properly 
arranged  articulated  system,  because  one  will  always  have  at  command 
a  sufficient  number  of  variable  elements,  radii  and  centres  of  rotation 
to  be  able  to  satisfy  the  equations  expressing  the  identity  between  the 
given  curve  and  the  described  one. 

^.    ,  In  what  follows,  we  will  limit  ourselves 

Fig.  1. 

to    compound    compasses   tracing    the    best 

y^  ^>s.  known  lines,  the  straight  line,  the  circle  of 

/  /      \         any  radias,  the  conic  sections,  and  lastly  con- 

/  /  \       choids  and  cissoids. 

I  ^.'^f^^^^^^         1  ^^  ^'sXi  present  the  result  of  our  resear- 

A^^^^^JL?—-^^^^^:^^     ches  in    a  synthetical  form,  the    analytical 

\^^^^.;4\^.''-'^^/^        processes  which  have  guided  us  in  the  most 

^<^J^  ^.^  interesting  part  of  this  work,  that  relative  to 

the  straight  line  being  very  complicated,  and 

not  being,  in  fact,  a  method  of  investigation  sufficiently  methodical. 

Lemma. — Any  point  whatever,  C,  Fig.  1,  taken  upon  the  diagonal 
of  a  lozenge,  divides  it  into  two  segments  of  which  the  product -4.  C 
X    CB  is  equal  to  the  difference  AD^  —  CL^  between  the  squares 
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constructed  upon  the  side  of  the  lozenge  and  upon  the  distance  CD 
of  the  point  considered  from  the  extremities  of  the  other  diagonal. 

Prolong  CD  till  it  cuts  in  F  and  G  the  circle  described  from  the 
point  D  as  a  centre  with  the  radius  DA. 

We  have 

ACXBC=CFXCG  =  (AD  -  CD)  {AD  +  CD) 

=  RD^  —  'CD' 

This  remarkably  simple  demonstration  has  been  given  to  us  by  M. 
Mannheim. 

It  follows  then  that  if  one  supposes  that  the  figure  EADBECD 
represents  an  assemblage  of  rigid  rods  articulated  at  their  extremities, 
and  that  the  point  C  remains  fixed,  the  opposite  extremities,  A  and  B, 
will  describe  reciprocal  curves.  This  combination  will  form  the  essen- 
tial organ  of  the  divers  compound  compasses  that  we  shall  have  to 
examine. 

1st.  The  reciprocal  of  a  straight  line  being  a  circle  passing  through 
the  pole,  if  the  point  B  (Figs.  2  and  3)  is  forced  to  move  in  the  peri- 
meter of  a  circle  passing  through  the  centre  of  articulation  C,  the 
movement  of  the  point  A  will  be  rectilinear.  It  will  therefore  suffice, 
in  order  to  generate  a  straight  line,  to  introduce  in  the  mechanism 


Fig.  2. 


Fig.  3. 


EADBECD  a  new  fixed  centre,  (7,  to  which  one  fastens  the  point  B, 
the  link  O  B  being  equal  in  length  to  the  distance  C  (7  between  the 
fixed  centres. 

What  precedes  constitutes  a  rigorous  solution  of  the  problem  stated 
by  Watt.  It  is  simple  enough  to  be  advantageously  employed  in 
certain  machines  of  long  stroke. 

Mr.  Mannheim,  in  1867,  made  it  the  subject  of  a  communication  to 
the  Socifet^  Philomathique  of  Paris 

2d.  If  the  circle  described  by  the  vertex  B  does  not  pass  through 
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the  fixed  centre  C,  the  opposite  vertex  A  describes  a  circle  whose  radius 
is  represented  by  the  expression 

r,-(P  

in  which  one  designates  by  a  the  side  of  the  lozenge  AD  ;  b  the  bri- 
dle rod  CD  ;  r  the  radius  O  B ;  d  the  distance  between  the  centres 
C(7. 

If  r  =  d  we  have  R  =  cc  which  corresponds  to  the  case  of  a 
straight  line. 

This  combination  of  articulated  pieces  will  then  permit,  if  we  vary 
one  of  the  elements,  for  example  the  distance  (7(7',  the  tracing  of  arcs 
of  circles  of  every  curvature  in  a  continuous  manner.   • 

Designers  know  that  this  operation,  apparently  so  simple,  is  not  less 
complicated  than  the  tracing  of  any  geometric  curve  whatever,  when 
it  happens  to  be  a  curve  surpassing  the  extreme  limits  of  the  beam 
compass. 

3d.  Let  us  now  consider  the  conic  sections. 

We  know  there  exists  an  infinity  of  theorems  leading  to  their  deter- 
mination by  means  of  the  straight  line  and  the  circle,  if  successive 

points  of  these  lines  are  given.     Of  the 

articulated   systems   coming  in   question, 

\^  permitting  so  to  say,  the  materializing  of 

^x^'^^^^^"^"\^  every  combination  of  straight  lines  and 

^ ]       ^^^*^  of  circles,  without  recourse  to  other  organs 

/  of  transmission,  have  articulated  rods,  we 

foresee  that  there  ought  to  exist  an  infinity 
of  compound   compasses  adapted  to  the 
tracing  of  lines  of  the  second  order. 

Thus  a  finite  straight  line,  AB,  of  the  same  length  as  OA,  Fig.  4, 
being  moved,  for  example,  with  its  extremities  in  the  circumference  of 
a  circle,  and  upon  one  of  its  diameters,  OB,  each  point  of  the  mov- 
able line  will  describe  an  ellipse.  This  theorem  furnishes  a  very 
simple  means  of  constructing  an  elliptic  compass,  since  we  are  able  to 
guide  the  straight  line  AB,  by  its  extremities  as  the  data  of  the  prob- 
lem require. 

But  there  is  a  more  general  solution,  capable,  by  means  of  the  same 
combination  of  lines,  of  describing  all  the  conic  sections  without 
distinction. 

The  polar  equation  of  these  curves  is 
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p= p 

1  +  e  COS.  o) 
and  represents  ellipses,  parabolas  or  hyperbolas,  according  as  e  <  1 ; 
£  =  1  or  e  >  1. 

If  we  consider  the  reciprocal  curve  of  the  preceding,  we  will  have 

for  the  equation 

I P  (1+ecos.  w) 

P  'p 

k  being  a  constant.      It  is  a  lima§on  de  Pascal,  of  which  we  shall 
describe  the  mechanical  generation. 

For  this,  let  us  return  to  the  compass  relating  to  the  straight  line,  to 

which  we  will  add  the  bridle  rod,  C\  J,  Fig.  5,  where  the  straight  line 
described  by  A  cuts  the  line  of  centres  CO'.     If  we  fix  the  point  (7i 
as  well  as  the  vei-tex  J.,  and  make  OJ  =  O^A,  and  let  all  the  other 
points  of  the  figure  remain  free,  it  is  ap- 
parent  that  any  ix)int  J!f  of  the  perpendicu- 
lar IM  to  00'  will  describe  a  limacon  de 
Pascal.     Of  which  the  equation  will  be 

p"  =  2~0J  co&.o)  +  IM 

Its  reciprocal  relatively  to  Jl  is  a  conic. 

We  shall  obtain  this  latter  curve  by 
connecting  the  point  JIf  to  the  free  vertex 
of  an  articulated  system  whose  fixed  cen- 
tre is  A. 

This  point  will  become  the  focus  of  the 

conic  of  which  AO  will  be  the  direction  of  the  principal  axis,  and 
which  will  be 

An  ellipse,       )        ru  i  <  ^ 

A  parabola,      Vif-l^^  =  l 

A  hyperbola,  j      2Ci/J^^  i 

It  is  besides  evident  that  by  giving  to  IM  and  to  0^1  convenient 
values  it  will  be  possible  to  trace  with  the  same  compound  compass  all 
the  curves  of  the  second  degree. 

Conchoids  of  the  Cirde  and  of  the  Straight  Line,  Cissoid,  etc. 
We  have  just  seen  how  one  is  able  to  arrange  for  tracing  the  con- 
choid of  the  circle;  or  limacon  de  Pascal ;  by  modifying  the  combina- 
tion relative  to  this  curve  in  a  similar  manner  to  that  pursued  for  the 
conies  we  shall  generate  the  conchoid  of  the  straight  line.     We  find  in 
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the  same  manner  the  combinations  suitable  for  the  lemniscata,  but  they 
are  for  the  most  part  very  complicated.  We  shall  content  ourselves, 
in  closing  this  short  summary,  by  indicating  the  compass  for  the 
cissoid,  which  is  extremely  simple.     The  centre  of  articulation  of  the 

links  OD  OE  (Fig.  6)  is  forced  to  move   in   circle  passing  through 

the  fixed  vertex  A  of  the  lozenge,  whose  diameter  is  equal  to  \/b^ —  a*. 

As  before,  h  designating  the  length  CD  and  a  the  length  AD, 

The  opposite  vertex  B  under  these  conditions  will  trace  the  cissoid, 
as  is  easy  to  see  by  forming  the  equation  of  the  described  curve. — End 
of  translation. 

This  translation  is  made  with  the  desire  that  the  fortunate  inventor 
of  this  remarkable  linkage  be  awarded  by  English  readers  the  credit 
justly  his  due ;  not  only  as  an  inventor  but  as  a  mathematician 
capable  of  understanding  and  discussing  his  invention  in  an  able 
manner. 

Referring  to  Fig.  1   and,  for  the  sake  of  brevity,  designating  the 

radiivectores  J.O'by />^,  BChy  p  and  the  constant  AD^  —  CD^  =  a* 
—  b^  by  m^,  called  the  modulus  of  the  linkage,  we  have 

pp^  =  7n^  (1) 

Fig.  6.  Referring  to  Figs.  2  and  3,  Section  1, 

/     we  see  that  the  fixed  centre  C",  midway 
between  £  and  C  and  the  radius  bar  C^B, 
forces  the  vertex  B  to  move  in  the  peri- 
meter of  a  circle  passing  through  the  pole 
O  (fixed  point),  the  prime  radius  of  which 
is  its  diameter.     This  gives 
p  =  2  r  COS.  a 
in  which  r  =  OC  =  O^B  and  a  =  the  angle  through  which'  the 
point  B  is  moved  with  respect  to  the  fixed  line  AOB,   Substituting  this 
value  in  Equation  (1),  we  have 

«>  =  ^^ =  ^  sec.  «  (2) 

2  r   COS.  a         2r 
Which  is  the  polar  equation  of  a  straight  line  at  right  angles  to  the 
prime  radius  ABO,  and  we  see  that  the  point  A  will  describe  a  straight 
line. 

The  form  of  cell  outlined  in  Fig.  2  is  commonly  called  a  negative 
cell,  and  that  in  Fig.  3  a  positive  cell. 

Referring  to  Section  2,  and  using  the  notation  there  given,  we 
have  for  any  position  of  C^  between  B  and  C 
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p^  —  2  d  p  COS.  a=z  r^  —  cP 

p  =  d  COS.  a  do    i/r^  —  d^  sin.^  a  (3) 

Substituting  for  p  its  value  —  we  have 

m^         2  d  mi?  ^         w       i      j     . 

—  —  — -^ —  COS.  a=^  n^  —  a^  and  reducing 

P  —  —  -„ =;  cos.aih^   I I  —  I I  sm.  a  (4) 

If  in  this  equation  we  place 

Equation  (4)  becomes 


/)!  =  Z)  COS.  a  dz  ]/ JS2  —  D    sin.2  ^  (5^ 

and  we  observe  that  Equations  (3)  and  (5)  are  similar ;  therefore  while 
the  vertex  B  describes  an  arc  of  a  circle  as  stated  with  the  radius  r 
and  centres  at  a  distance,  d,  from  the  pole  0,  the  vertex  A  will  describe 
an  arc  of  a  circle  whose  centre  is  on  the  prime  radius  at  a  distance,  D, 

=  from  the  pole  0  with  a  radius 

B  =  _!?^*_  =  {<^-by  .gx 

If  we  make  the  distance  between  B  and  0  (Figs.  2  and  3)  constant 
and  =  2  e,  and  denote  the  distance  of  the  point  C^  from  a  point 
bisecting  the  line  BChy  x,  we  can  simplify  this  equation. 

Let  d  =^  e  ±  X 

Wehave         i?  =  _^^  =  _  ^^(£=5]  or  =  ??^(!±^ 
r^ — cP  4:  ex  A  ex 


Still  further  reducing,  we  have  for  the  value  of  x 


e 


(7) 


or  -  a^  =  ^2  _^  ^  ^  (8) 

e 
since  in  the  latter  case  It  is  of  the  contrary  sign. 

We  have  now  a  ready  means  of  computing  the  distance  x  to  the 
right  or  left  of  the  central  point  of  the  line  BOj  in  order  to  describe 
an  arc  of  any  required  radius,  JS. 
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When  a;  is  +,  i.  e.,  moved  to  the  right,  the  arc  is  convex  to  the  pole 
Cy  and  Equation  (7)  should  be  used ;  when  a;=  0  we  have  an  arc  of 
infinite  radius,  a  straight  line ;  when  x  is  — ,  i,  e.,  moved  to  the  left, 
the  arc  is  concave  to  the  pole  0,  and  Equation  (8)  should  be  used  in 
computing  the  radius. 

The  compound  compajss  shown  in  Fig.  7  is  adapted  to  drawing  arcs 
of  a  little  over  3  feet  in  length. 

The  construction  will,  in  the  light  of  previous  explanations,  be 
readily  understood ;  in  it  we  have  taken  a  =  12  inches 

6=    8      " 
2  e  =  12      *• 
giving  m^  =  144  —  64  --=  80 

This  will  be  found  a  most  convenient  size  for  the  ordinary  purposes 
of  the  draughtsman. 

At  (7^  is  a  split  joint,  such  as  is  used  for  proportional  dividers,  and 
the  vertex  B  is  steadied  by  means  of  a  hole  and  pin  while  the  joint  is 
being  adjusted  at  any  required  distance  from  C^,  this  joint  sliding  in 
the  slots  in  the  radius  bar  C^B  and  the  ruler  OB,  A  scale  reading  to 
hundredths  of  an  inch  is  laid  off  from  the  central  point  O^  three  inches 
both  ways. 

The  better  method  of  locating  the  mid  point  C^  is  to  adjust  it  tenta- 
tively until  the  vertex  A  describes  a  perfectly  straight  line.  The 
following  table  of  values  of  x  for  circles  of  radii  between  10  and  120 
inches  has  been  computed  by  means  of  Formulae  (7)  and  (8),  which 

reduce  to 

Convex  Concave 
Radius;    arcs         arcs  60 

i  J:.^_^tZ^T  -  ^  '^T0±3~R 

1-500  I  3-000 

0-857  1-200 

0-600  0-750 

0-462  0-545 

0-375  0-428 

0-316  0-353 

0-273  i  0-300 

0-240  0-261 

0-214  0-231 

0-194  0-207 

0-177  0-188 

0-162  !  0-171 


10  in 
20  " 
30  " 
40  " 

5o  " 

60  " 

70  " 

80  " 

90  " 

100  " 

110  " 

120  " 


(9) 


position  is  reached. 


and  can  be  used  for  computing  the  value  of 
X  for  circles  of  any  radius  from  3J  inches 
to  infinity  or  a  straight  line,  with  an  instru- 
ment of  the  described  proportions. 

In  order  to  use  the  instrument,  place  the 
ruler  CB  on  any  normal  to  the  circle,  adjust 
the  joint  at  the  required  distance  x  and 
cause  the  pencil  in  the  vertex  A  to  coincide 
with  the  starting  point  of  the  circle  sliding 
the  ruler  upon  the  normal  until  the  proper 
The  c'rcle  can  then  be  described. 
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Referring  to  the  spftnial  ftllintiV  link-aorft,  Section  3  of  Peaucellier^s 

\  and 


verse 

3rest, 
rhich 


from 
nates 
',  and 
byr 
J 

-(10) 
with 


and  reducing 


a;  =  »•  —  ^r 


y 


^  {I  —  df 


{i-crf 

{2rx  —  x^ 


line 


(11) 
jmall 


(12) 


which  is  th6  equation  of  an  ellipse  referred  to  its  vertex  and  of  which 
i:he  major  and  minor  semi-axes  are  r  and  /•; 
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The  special  linkage  shown  in  Fig.  9  was  devised  by  Mr.  Freeland^ 
University  of  Pennsylvania,  and  will  describe  a  hyperbola,  it  is  a. 
positive  cell  having  the  longer  arms  split  and  turned  through  a  fixed 
angle,  being  fastened  together  at  jP,  the  arm  AFK  forming  one  piece. 

Fig.  9. 


and  the  arm  BFO  another.  The  point  L  being  fixed,  the  point  I  is 
forced  to  move  along  the  straight  line  LM,  the  point  P  will  describe 
a  hyperbola.   The  equation  pp^  =  m^  being  that  of  a  hyperbola  referred 


to  its  asymptotes 

Fig.  10. 


In  this  case  m^  = 


A^  +  B 


,  and  A  and  B   are 


the  major  and  minor  semi-axes  of 
the  hyberbola. 

The  limagon  of  Pascal  is  a  curve 
traced  by  a  point  on  a  line  which 
projects  a  constant  distance  beyond 
the  circumference  and  passes  through 
a  fixed  point  on  the  circumference  of 
a  circle. 

In  the  combination  of  linkages 
shown  in  Fig.  5,  the  function  of  the 
cell  A  CC^B  is  by  means  of  the  bar 
C^CI  to  cause  the  prolongation  of 
IM  to  pass  through  the  point  A  in 
all  its  positions,  as  IM  is  rigidly 
fastened  to  ICO^  and  at  right  angles 
to   it.      In    this   linkage,   the   only 
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points  fastened  to  the  surface,  upon  which  these  two  linkages  movcy 
are  A  and  0. 

This  assemblage,  although  theoretically  fulfilling  the  required  con- 
ditions,  is  too  complicated  for  ordinary  purposes. 

A  good  mechanical  substitute  is  shown  in  Fig.  10,  which  is  lettered 
as  in  Fig.  5.  The  place  of  the  cell  ACQ^B,  Fig.  5,  is  supplied  by 
the  slotted  ruler  MIA  P,  and  the  radius  bar  0^  L  The  same  cell 
may  be  used  as  that  shown  in  Fig.  7,  the  alteration  required  being  in 
the  ruler  used  as  a  basis.  The  pin  Q  ^  is  fixed  and  the  radius  bar 
can  be  made  adjustable  at  I  in  the  slot  I  A,  and  to  any  length.  The 
point  A  is  fixed,  the  slotted  ruler  sliding  upon  it.  The  point  M  is. 
fastened  to  the  ruler.  The  point  P  will  describe  conic  sections  as  in 
Fig.  5. 

I M  ^=^  — ,  m  being  the  modulus  of  the  cell  and^  =  the  semi- 
P 
latas  rectum  or  half  the  principal  parameter. 

0^1  = in  which  e  =  the  eccentricity  of  the  conic  section. 

2p 

We  have  now  a  ready  mechanical  means  of  describing  any  required 
straight  line,  circle,  ellipse,  parabola  or  hyperbola  as  the  case  may  require 

Letting  A  =  the  traas verse  and  B  =  the  conjugate  semi-axes,  we 
have  for  an  ellipse 

B^  2  B^ 


For  a  hyperbola 
IM= 

For  a  parabola 


m  1  2B^ 


m^ 


IM=  —  and  0,  I=-!!!L- 
P  ^P 


Referring  to  the  linkage  for  the  cissoid.  Fig.  6,  we  have 

AB=  OB—OA  =  J!!—  -  (74;  or, 
CA 

m^         1  m  sin.^  a  .  . 

p  =  ^—  —  />  — —  moos,  a  =  m =  mam.   a  tan.  a 

p^  COS.  a  cos.  a 

which  is  the  polar  equation  of  the  cissoid  under  the  condition  placed 
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<7^  A,  being  the  polar  axis  and  m  the  diameter  of  the  circle  passing 
through  ^  of  a  radius  =  0^  A  =  —. 


Fig.  11. 


In  Fig.  11  (this  figure  is 
distorted,  each  parallelogram 
should  be  a  rhomb)  is  shown 
an  ingenious  adaptation  of 
a  linkage  to  the  tracing  of 
ellipses  due  to  Mr.  Freeland, 
student  in  this  University. 
The  point  C^  is  fixed,  the 
point  C  is  forced  to  follow 
the  straight  line  C^OO,  C^E 
=  EA  =  EC  The  point 
A  trax^es  a  circle  of  the  radius  C^A,  and  the  point  B  traces  an  ellipse 
OB,  The  point  opposite  to  JE  in  the  large  rhomb  and  the  two  unlet- 
tered points  in  the  other,  also  describe  ellipses. 

Fig.  12. 


We  will  close  this  brief  essay  by  an  explanation  of  Hart's  Perfect 
Parallel  Motion,  which  is  described  by  Mr.  Kempe  in  "How  to  Draw 
a  Straight  Line.'' 

This  linkage  is  remarkable,  because  only  four  rods  are  required  where 
six  are  used  in  Peaucellier's  cell.  It  will  be  perceived  that  this  linkage 
CD^DO^O  is  a  parallelogram  in  a  reversed  position,  L  e.  the  rods  CDi 
and  C^D  instead  of  being  parallel  are  crossed  (Fig.  12). 

Let  a  straight  line  AP^PA^  be  drawn  parallel  to  C^D^y  cutting  all 
the  links  in  AP^PA^, 
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J       J  p The  similarity  of  the  triangles  CC^Dy  and 

ii      Ap  1              (7  ^P  and  also   C^CD  and   Ci^P^  which  is 

((An  *^^^  ^^^  ^^^  positions  gives  the  two  propor- 


p 

and 

P' 
b 

■  = 

a, 

03 

Therefore, 

pp": 

= 

66, 

"    (77)  =  6 
''^    (7,A  =  6. 

'"    o'f  =  ^P=l     ^"*^^'  =  6  (6  +  2d)  =  62  4-  2bd. 

Q  jy ,  From  the  right  angled  triangles  C^FD  and 

'     ~    '  Q,EC  we  have  (6  +  df  +  h^  =  b^^  and  also. 

d^  +  h^  =z  a^^  subtracting  the  latter  from  the  first  we  have 
bi  —  ai=b^  —  2bd  =  bby 

Therefore,  pp^  =  ^l  {b,^  —  a^)  =  m\ 
ai 

All  the  terms  of  the  second  member  of  this  equation  being  constants^ 
we  have  a  linkage  with  the  same  properties  as  the  Peaucellier  Com- 
pound Compass.  The  point  A  being  fixed  and  either  of  the  points  P 
or  Pj  being  forced  to  move  in  a  circle  with  the  circumference,  passing 
through  A  the  other  will  describe  a  straight  line.  These  points  are 
interchangeable. 

There  are,  of  course,  many  other  forms  of  linkages  besides  the  ones 
described,  and  it  is  to  be  hoped  that  some  mentioned  in  this  paper  can 
be  greatly  simplified. 

The  degree  of  exactitude  which  is  required  in  the  mechanical  work- 
shops of  the  United  States  is  daily  becoming  greater,  and  at  present 
tries  our  machinery  to  the  utmost. 

'  With  the  possibility  of  a  mathematically  straight  line  before  us, 
with  a  means  of  describing  an  arc  of  a  circle  of  any  radius,  in  a  con- 
venient shape,  and  with  the  conic  sections  almost  as  easily  describable 
as  a  circle ;  there  is  no  reason  why  our  mechanics  should  not  produce 
machinery  of  an  exactitude,  and  in  forms  hitherto  deemed  unattainable. 
TJnwersHiy  of  Pennsylvania,  February  18th,  1879. 


Wealth  of  France  and  England. — The  national  wealth  of  Eng- 
land is  estimated  at  $39,200,000,000,  that  of  France  at  $40,300,000,- 
000.— PortecA.  der  Zdi, 
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THE  DRIVING  POWER  OF  LEATHER  BELTS. 

By  Robert  Briggs,  C.  E. 

In  the  Journal  of  the  Franklin  Institute  for  May  will  be 
found  a  translation  of  a  paper  on  leather  belts,  which  paper  appeared 
in  a  communication  to  the  Industrial  Society  of  Mulhouse,  in  May, 
1835.     The  following  is  the  basis  of  the  paper : 

"  The  science  of  applied  mechanics  gives  the  formula  relating  to  this 
subject  as  follows :      Calling 

P,  the  resistance  to  be  overcome, 
Cy  the  base  of  Naperian  logarithms, 
/,  the  coeiBcient  of  friction  of  leather  upon  cast  iron, 
12,  the  radius  of  the  pulley, 
s,  the  length  of  the  arc  of  contact. 
*^  The  formula  is  written  thus : 

Friction  =  p({e)^—l\ 

4c  4:  4e  9|c  :(t  :|c 

It  is  late  to  correct  an  erroneous  deduction  of  forty-four  years  since, 
fcut  as  the  paper  is  resuscitated  with  the  evident  purpose  of  showing  or 
comparing  the  applicability  of  its  results  to  present  use,  it  is  yet  neces- 
sary to  show  that  the  whole  article  was  founded  on  a  mistake. 

Adopting  the  formula  in  its  present  Jshape  of 

Friction  =  P^(e)^— 1^ 

It  will  be  found  there  should  be  plac^  for  the  word  "Friction^' 
some  letter  or  character  which  should  express  the  difference  of  tension 
between  the  tight  and  the  slack  side  of  the  belt,  that  is  the  effective 
pull  of  the  belt,  and  the  value  for  P  is  that  of  the  tension  on  the  slack 
side  of  the  belt. 

The  correct  formulae  are : 

Calling  Ti  =  tension  on  tight  side  of  belt, 

r,  =      "         "  slack    "     "     " 
P  =  effective  pull  on  the  belt  =  T^—  T,. 
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Then  the  "  science  of  applied  mechanics  "*  gives : 

11 


=  e 


11 

R 


^=^.(^^) 


f* 


£1. 


The  last  of  these  formulae  is  evidently  that  used  by  Mr.  Heilmann. 

The  capability  of  the  belt  is  manifestly  its  strength  to  resist  the  ten- 
sion 1\  on  the  tight  side  of  the  belt,  and  consequently  the  figures  of 
comparison  of  ratio  of  the  effective  pull  to  the  tension  on  the  slack 
side  of  the  belt  (which  are  those  given  in  the  paper)  possess  no  practi- 
cal value  whatever. 

While  calling  attention  to  the  mistaken  use  of  formula  in  this  com- 
putation, it  may  be  proper  to  show  what  would  have  proceeded  from 
correct  use  with  the  data  accepted  by  M.  Heilmann ;  taking  Moran's 
coefficient  of  friction  and  M.  Laborde's  table  of  force  exerted  by 
pulleys  with  180°  contact.  When  the  ratio  of  effective  force  =  P  to 
the  tension  on  the  tight  side  of  a  belt  =  Ti  for  different  angles  of  con- 
tact; for  0*122  frictional  adhesion  of  belt  to  pulley  becomes: 

Angles   30°    60°   90°    120°   160°   180°   210°   240°   270°   300°   330°   360° 
P 
j!   —  0-0619  -0-0994— 0*1744=0*2266— 0-2734— 0-3184=0-3605— 0-4001— 0-4371  —  0-4721—0-6047—0-6364 

These  figures  give  the  multipliers  of  widths  of  belts  as  given  in  M. 
Laborde's  tables  for  various  angles  of  contact. 

—  6-344  —  3-203  ^  1826  =  1-431  —  1166  —       0   —  0-883  —  0-796  —  0-728  —  0-674  —  0-631  —  0-696 

The  above  figures,  however,  possess  only  the  merit  of  accurate  com- 
putation ;  not  having  the  least  of  use,  as  the  coefficient  of  friction  on 
which  they  are  based  is  three  and  a  half  times  too  small  for  conformity 
with  any  practice. 

It  will  be  noticed  that  the  paper  assumes  a  value  for/.  "  The  ratio 
of  friction  to  pressure  for  leather  upon  plane  surfaces  of  cast  iron  has 
been  taken  from  the  experiments  of  M.  Morin."     A  simple  retrograd- 

***Rankine*8  Applied  Mechanics,"  p.  618  ;  the  same  will  be  found  in  any  work  on 
applied  mechanics. 
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ing  computation  finds  from  the  tables  this  assumed  value  to  have  been: 
0*122.  Direct  experiments,  which  can  be  repeated  by  any  mechanic 
at  any  moment,  have  shown  this  ratio  to  be  as  large  as  0*58  under 
favorable  conditions,  and  that  over  0*40  can  be  accepted  as  the  hoM  of 
the  belt  in  general  practice. 

In  the  Journal  (volume  CVI),  November,  1878,  p.  309,  the  comment 
upon  M.  Laborde's  paper  computes  the  strain  on  the  belts  accepted  as  a 
basis  by  M.  Laborde  at  19*15  pounds  per  inch  of  width.  This  compu^ 
tation  makes  no  distinction  between  the  strain  on  the  tight  side  of  the 
belt  and  the  effective  strain  qu  the  same  side  accepted  by  M.  Laborde 
as  the  measure  of  imparted  force.  If  the  friction  of  a  belt  on  its 
pulley  be  taken  at  0*42  and  the  angle  of  contact  180°,  then  the  tension 
on  the  tight  side  of  a  belt  exerting  an  effective  pull  of  19*16  pounds 
is  26*26  pounds  and  the  tension  on  the  slack  side  will  be  .7*11  pounds. 

It  may  be  well  to  recapitulate  a  table  which  was  given  some  years 
since  in  the  Journal,  of  the  Franklin  Institute.* 

Maximum  strain  on  belting  66%  pounds  per  inch  of  width  ;  coefficient  of  fHction  single  leather  belts  on  iroik 
pulleys,  0*42. 

Arc  of  contact,  90°  lOOO  llO^  120°  135°  150°  180°  210°  240°  270° 

Strain  transmitted  (pounds),  3236  3480  3707  3918  4206  4464  49-01  5253  55.34  57-58 

Tension,  loose  side,  3431  31-87  2960  27-49  24-61  '2203  17-66  1414  11-33  9-0& 

Total  tension  on  belt,  10098  9854  96-27  9416  9128  8870  84-33  80-81  78*00  76-76 

Strain  between  axes  of  pulleys  de- 
rived from  the  belt  when  at    71-40     76-94    7886    81-64      84-32      85-68    84-33    78-07    67-55  .53-56 
work. 

Tension  on  each  side  when  at  rest,    50-49     49-27    4814    47-08     45-64     44-35    42-17    40*41    39-00    37-88 

The  last  line  shows  how  tight  a  belt  must  be  made  in  order  to  give 
out  its  maximum  strain  of  66f  pounds  per  inch  of  width  when  at 
work.  , 

Telegraphic  Announcement  of  Freshets. — The  minister  of 
public,  works  is  experimenting  upon  the  Lot,  in  the  Department  of 
I'Arveyron,  with  an  electric  apparatus  for  producing  an  automatic 
record  of  the  variations  in  the  level  of  rivers,  so  as  to  signal  the  occur- 
rence of  freshets  as  soon  as  they  arise,  in  order  to  give  the  inhabitants 
of  the  river  banks  as  much  time  as  possible  to  ward  off  the  danger. 
The  apparatus  employed  is  similar  to  one  that  was  invented  by  one  of 
the  government  engineers  who  is  in  the  Algerian  service.  Professor 
Codazza,  Sig.  Cabella  and  Professor  Ferrini  have  also  devised  indica- 
tors for  the  same  purpose. — L' Etectridtt ;  II  Politeenico, 

*  January,  1868. 
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SOME   EXPERIMENTS  ON  ALLOYS  OF  SILVER  WITH 
EMBRITTLING  METALS. 

Made  at  the  United  States  Mint,  Philadelphia, 

BY 

Alexander  E.  Outerbridge,  Jr. 


It  is  a  fact  very  well  known  to  metallurgists  that  the  presence  of 
certain  base  metals  in  refined  gold  and  silver,  even  in  such  small  per- 
centages as  to  render  their  detection  difficult,  if  not  impracticable,  by 
ordinary  chemical  tests,  will  nevertheless  exercise  such  an  injurious 
effect  in  regard  to  ductility,  hardness,  etc.,  as  to  render  the  metal 
totally  unfit  for  coin  or  the  industrial  arts,  thereby  necessitating  the 
removal  of  these  impurities  by  oxidizing  fluxes,  or  other  equivalent 
means. 

It  is  also  well  established  that  during  the  process  of  removing  these 
impurities  (technically  called  "toughening"),  an  inevitable,  though 
variable,  loss  occurs. 

This  loss  may  be  directly  traced  to  three  causes : 

First  To  the  formation  of  volatile  compounds  of  gold  or  silver 
with  the  baser  metals. 

Second.  To  the  violent  action  on  the  surface  of  the  metal  during 
the  decomposition  of  the  oxidizing  agent,  thereby  causing  minute  par- 
ticles of  the  moltcm  metal  to  be  sprayed  from  the  surface. 

Third.  To  the  upward  current  of  air  and  flame  sweeping  over  the 
surface  of  the  molten  metal  in  the  pot  drawing  into  the  flue  the  vapor- 
ized metal  and  the  fine  spray. 

These  vapors  are  carried  by  the  strong  draught  of  the  wind  furnace 
out  of  the  chimney,  where  they  partially  fall,  in  a  sort  of  fine  rain,  upon 
the  roof  of  the  Mint  and  neighboring  buildings,  and  a  larger  portion 
is  carried  into  free  space  and  lost. 

Attempts  have  been  made  to  recover  the  metal  thus  dissipated  by 
means  of  shelves  and  other  devices  arranged  in  the  flue,  with  but  par- 
tial success,  and  they  have  the  practical  disadvantage  of  tending  to 
impair  the  draught  in  the  wind  furnace. 

It  was  to  overcome  these  difficulties  that  an  apparatus  was  devised 
by  the  writer  to  prevent  the  metallic  vapors  and  gases  arising  from  the 
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melting-pot  from  escaping  into  the  flue  at  all  by  drawing  them  off 
into  a  suitable  condensing  chamber. 

The  Chief  Assayer  of  the  Mint,  after  examining  the  drawings,  laid 
the  whole  matter  before  the  late  Director  of  the  Mint  in  Washington, 
who  in  turn  instructed  the  writer  to  have  an  experimental  apparatus 
constructed,  and  "  after  it  is  finished  to  have  it  thoroughly  tested  by 
careful  trials  under  the  direction  of  the  Melter  and  Refiner/' 

In  accordance  with  these  instructions  the  apparatus  was  made  and 
erected  at  one  of  the  furnaces  in  the  melting  department,  and  the  trial 
tests  were  commenced  on  February  6th,  1878,  and  continued  as  oppor- 
tunity offered  until  they  were  suspended,  owing  to  the*  unprecedented 
increase  in  the  regular  work  consequent  upon  the  passage  of  the  Bland 
Silver  bill. 

The  arrangement  of  the  experiments  having  been  entrusted  to  the 
writer,  he  prepared  a  schedule  of  the  proposed  work,  which  was 
approved  by  the  officers  directly  interested.  It  Avas  designed  by  the 
writer  that  these  trial  melts  should  also  subserve  a  broader  purpose  of 
furnishing  reliable  data  as  to  the  relatively  injurious  effects  upon  refined 
silver  of  small  but  known  percentages  of  such  base  metals  as  were 
supposed  to  impair  its  good  qualities.  It  is  this  secondary  portion  of 
the  work  which  is  now  submitted,  albeit  in  an  incomplete  form,  to  the 
readers  of  the  Journal  of  the  Franklin  Institute. 

The  schedule  as  far  as  completed  includes  the  preparation  and  sub- 
sequent examination,  analysis  and  refining,  of  alloys  of  silver  with 
arsenic,  antimony,  bismuth  and  lead. 

About  one  thousand  (1000)  ounces  of  silver  was  adopted  as  the  normal 
weight  of  refined  metal  to  each  experimental  melt.* 

With  respect  to  the  success  of  the  apparatus,  the  writer  desires 
merely  to  refer  by  permission  to  the  brief  extracts  from  letters  of  the 
officers,  who  observed  its  operation,  which  accompanied  his  report 
made  to  the  late  Superintendent  of  the  Mint.  These  will  be  found  in 
the  foot  note.t  \ 

*  Although  the  assay  department  long  since  adopted  the  French  system  of  weights, 
viz.,  the  gramme  and  its  decimals,  the  troy  ounce  is  still  regarded  as  the  unit  or  stan- 
dard Mint  weight,  and  is  accordingly  employed  in  these  experiments. 

f  Professor  Booth,  the  Melter  and  Eefiner,  in  whose  department  the  tests  were  made, 
ait6r  endorsing  the  accompanying  report  as  expressing  the  results  of  the  trials  in  their 
int^rity,  says,  "  In  relation  to  the  Trial  of  Apparatus,  I  remark  that  the  principle 
underlying  Mr.  Outerbridge*s  process  is  sound,  viz.,  to  recover  volatilized  precious 
metals  by  drawing  off  the  possible  vapors  above  gold  and  silver  in  a  crucible  and  •' 
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He  also  desires  to  say  that  the  credit  for  the  suecess  which  attended 
the  tentative  tests  of  the  apparatus  is  largely  due  to  the  excellent  sug- 
gestions in  the  mechanical  ddails  which  were  made  by  Mr.  Samuel 
James^  the  Master  Mechanic  of  the  Mint,  to  whom  was  entrusted  the 
construction  of  the  machine,  thereby  materially  improving  the  original 
design* 

FiKST  Experiment — Silver  alloyed  with  Arsenic. 

Although  the  metal  arsenic  has  a  great  affinity  for  silver,  it  will  not 
readily  combine  with  it  in  an  open  crucible,  owing  to  its  extreme  vola- 
tility. The  following  expedient  was  therefore  resorted  to,  with 
success: 

A  bar  of  silver  which  assayed  999  thousandths  fine  and  weighed 
100*46  ozs.  (troy)  was  first  melted  with  3  ozs.  of  metallic  arsenic  in  a 
black  lead  pot,  with  a  lid  luted  on  with  fire-clay,  and  bound  tightly 
with  a  metal  strap. 

The  fire  was  brought  up  gradually  for  two  hours,  then  a  good  white 
heat  for  half  an  hour ;  it  was  then  allowed  to  slowly  die  out ;  the 
crucible  remaining  in  its  place  was  agitated  in  order  to  bring  fresh 
surfaces  of  the  molten  silver  in  contaxjt  with  the  confined  vapors  of 
arsenic.  A  lump  of  charcoal  was  put  in  the  crucible  to  prevent 
oxidation  of  the  arsenic.  When  the  pot  was  cold  the  "king ''  of  metal 
was  broken  out,  cleaned  and  weighed.  It  turned  the  scale  at  102*98 
ozs.,  showing  that  2*52  ozs.  of  arsenic  had  combined  with  the  silver. 

The  exterior  surface  of  the  "king,"  as  it  is  technically  called,  pre- 
sented a  light  grey  color.  On  breaking  it  open  this  light  shade  was 
observed  to  extend  to  a  depth  of  about  ^th  of  an  inch ;  the  interior 
showed  a  darker  grey  color,  indicating  that  the  surface  contained 
a  smaller  proportion  of  arsenic.  In  order  to  ascertain  this  a  piece  was 
assayed  from  the  surface  and  another  from  the  interior,  with  the  fol- 
lowing result : 

wholly  condensing  them.    I  remark  further  that  his  mode  of  effecting  the  result  is,  I 
believe,  new,  simple,  effective  and  inexpensive,"  etc. 

Mr.  Wm.  E.  DuBois,  the  Chief  Assayer,  after  alluding  at  some  length  to  the  evils 
which  the  apparatus  was  designed  to  overcome,  says :  "  These  two  points  being  kept  in 
view  by  all  concerned,  it  was  interesting  to  observe  the  changes  and  modifications  by 
which  the  system  (as  all  systems  are)  was  step  by  step  improved  and  simplified,  until 
it  seems  nearly  complete.  Certainly  it  is  now  in  such  a  satisfactory  shape  as  would 
warrant  its  introduction  into  the  mints  and  assay  offices  and  refineries  generally ;  for 
it  is  well  kno¥m  that  the  evil  which  it  abates  is  not  confined  to  this  institution." 
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Surface,         .  .  .  .     976  fine. 

Interior,  .  .  .  971  fine. 

It  is  possible  that  the  portion  of  the  metal  touching  the  sides  of  ihe 
pot  remained  hot  somewhat  longer  than  the  centre,  owing  to  the  fact 
that  the  pot  remained  in  the  fire  until  the  whole  had  cooled.  The 
volatile  arsenic  may  thus  have  been  driven  (or  distilled)  in  to  the  cen- 
tral portion  of  the  solidifying  mass. 

The  broken  surface  of  the  metal  presented  a  clearly  crystalline  struc- 
ture, and,  although  by  no  means  so  ductile  as  fine  silver,  it  was  far 
more  so  than  could  have  been  anticipated.  The  metal  hammered  and 
rolled  without  splitting.  The  solution  in  nitric  acid  was  perfectly 
clear  like  fine  silver,  and  no  trace  of  arsenic  could  be  detected  by  the 
eye  or  smell.  Two  samples  of  the  alloy  were  preserved  for  future 
comparisons ;  one  was  rolled  into  a  ribbon,  to  show  the  malleability  ; 
the  other  broken,  to  show  the  fracture. 

In  the  next  operation,  952  ozs.  silver,  999  fine,  were  melted  in  a 
No.  40  black  lead  crucible.  When  the  fine  silver  was  perfectly  fluid, 
the  king  of  silver-arsenic  alloy  weighing  102-29  ozs.,  was  added  to 
the  mass;  the  metal  was  then  stirred  and  a  sample  for  reference 
extracted 

The  metal  was  finally  toughened  in  the  ordinary  way,  using  nitre 
and  sand.  At  the  end  of  one  hour  and  a  half  the  flux  was  skimmed 
from  the  surface  and  the  metal  poured  into  large  shoe  moulds. 

The  sample  taken  from  the  mass  after  the  "  king"  was  thoroughly 
incorporated,  assayed  99»5J^,  which  agreed  closely  with  the  theoretical 
fineness,  viz.,  996.     This  sample  was  reserved  for  future  experiments. 

The  mass  metal,  after  having  been  toughened  as  above  stated,  was 
cast  into  bars,  and  assayed  998.  The  metal  was  then  perfectly  ductile, 
and  no  trace  of  arsenic  could  be  detected  by  the  eye. 

The  sweep  resulting  from  the  grinding  of  the  crucible  weighed  281- 
lbs.  avoirdupois,  and  contained  97*712  grs.  of  pure  silver  per  pound 
avoirdupois.  The  sweep  from  the  grinding  of  the  ashes  in  the  fur- 
nace weighed  58  lbs.,  and  contained  '720  of  a  grain  per  lb.  The 
entire  weight  of  silver  in  both  sweeps  was  thus  found  to  be  1*12  oz. 
troy. 

Second  Experiment — with  Antimony. 

The  toughened  silver  resulting  from  the  previous  experiment  was 
manipulated  in  the  following  way : 

One  bar,  998  fine,  weighing  1 19*60  ozs.,  was  melted  in  a  closed 
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crucible  with  3  ozs.  of  metallic  antimony,  with  the  addition  of  char- 
coal to  prevent  oxidation.  The  pot  was  allowed  to  cool  slowly  (as  in 
the  previous  experiment  with  arsenic),  and  the  king  of  alloyed  metal 
resulting  was  found  to  weigh  122*39  ozs.,  showing  that  2*79  ozs.  of 
antimony  had  combined  with  the  silver.  The  king  assayed  975  fine, 
and  contained  2J  per  cent,  of  antimony. 

The  metal  was  remarkably  tough  and  ductile,  rolling  almost  as  well 
as  fine  silver ;  fracture  crystalline  and  coarse. 

Next  a  melt  of  silver  bars,  998  fine,  weighing  786*08  ozs.  (resulting 
from  the  silver-arsenic  experiment),  was  melted  in  a  No.  40  black  lead 
pot,  under  charcoal.  As  soon  as  it  was  fluid  the  king  of  antimonic- 
silver  alloy  was  added.  The  whole  was  thoroughly  stirred  and  a 
sample  cast  out  for  future  experiments.  This  sample  assayed  994 
fine. 

The  metal  was  now  exposed  to  a  hot  fire  for  a  period  of  one  hour 
and  a  half,  a  current  of  air  being  allowed  to  pass  over  the  surface. 
Nitre  was  added  occasionally  in  small  quantities  for  the  purpose  of 
burning  ofi^  the  charcoal.  During  the  entire  time,  the  antimonic-oxyd 
was  seen  rising  to  the  surface  of  the  metal,  and  burning  off  with  quite 
copious  fumes,  passing  up  the  condensing  tube.  The  water  in  the  glass 
condensing  chamber  became  very  turbid,  and  the  filter  soon  clogged  up 
with  a  heavy  sediment.  The  toughened  metal  was  then  cast  into  bars, 
and  assayed  998  fine,  and  presented  all  the  characteristics  of  fine  silver. 

The  material  on  the  filter  was  dried  and  collected.  It  weighed  1*15 
ozs.  An  exaihination  under  the  microscope  showed  that  it  was  profusely 
ijprinkled  with  extremely  minute  globules  of  metallic  silver.  These 
particles  are  nearly  perfectly  spherical,  conclusively  proving  that  they 
have  been  volatilized  and  condensed.  The  majority  of  the  globules 
were  very  much  smaller  than  the  interstices  of  the  filtering  cloth,  thus 
leading  to  the  inference  that  a  portion  of  the  silver  may  have  passed 
through  the  wash  water,  and  thus  escaped  into  the  well.  This  fact  was 
conclusively  proved  in  the  next  experiment  by  collecting  some  of  the 
water  percolating  through  the  filter,  allowing  it  to  settle,  and  recover- 
ing a  button  of  pure  silver  from  the  sediment. 

An  analysis  of  the  material  showed  that  it  contained  one-seventh 
{^)  silver,  the  remainder  being  antimonic-oxyd,  colored  by  charcoal 
«dust.  The  filter  was  burnt,  and  added  to  the  precipitate ;  the  metal 
was  reduced  to  a  button  and  cupelled.     It  weighed  ^^  ounce. 
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Third  Experiment — With  Bismuth. 

One  bar  of  toughened  silver  (resulting  from  previous  experiment) 
assaying  998,  weighing  1 37*77  ozs.  was  melted  in  a  closed  (luted) 
crucible  with  3  ounces  of  bismuth  in  the  same  manner  as  before.  The 
king  of  alloyed  metal  weighed  140*73  ozs.,  showing  that  2*96  ozs.  of 
bismuth  had  combined  with  the  silver.  The  king  resembled  exte- 
riorly the  antimonic-silver  alloy,  but  on  cutting  into  tlie  metal,  it  was 
found  (unlike  the  antimonic-silver)  to  be  exceedingly  brittle  or  "  short  '^ 
like  pie-crust.  The  fracture  presented  a  coarse  grain  with  a  lustreless 
or  earthy  surface.  The  color  of  the  metal  when  hammered  was  very 
dark  or  leady,  and  the  strips  had  a  somewhat  greasy  feeling. 

The  sample  assayed  975  fine,  showing  about  2J  per  cent,  of  bismuth. 
A  melt  of  888*62  ozs.  toughened  silver,  998  fine,  was  then  made  in  a 
No.  40  pot ;  as  soon  as  it  was  melted  the  king  was  added.  It  was 
thoroughly  incorporated  with  the  mass  by  stirring ;  a  sample  was  taken 
out  and  assayed  996  fine.  The  sample  still  showed  plainly  the  "  short- 
ening "  effect  of  bismuth ;  the  fracture  was  crystalline  and  fine,  the 
color  was  but  slightly  impaired  and  the  assay  slip  rolled  tolerably  welL 

The  mass  was  now  exposed  to  a  high  temperature  for  about  three- 
quarters  of  an  hour.  Nitre  was  then  added  copiously,  finally  a  small 
quantity  of  sand  to  thicken  the  flux  just  sufficiently  to  skim.  The  bars 
were  cast  into  moulds,  cleaned  and  weighed.  On  assaying  the  first  and 
last  bars  it  was  found  that  but  little  or  no  improvement  in  fineness  had 
occurred.  The  first  bar  assayed  996,  the  last  996 J;  they  were  conse- 
quently reported  996J. 

The  difficulty  was,  according  to  Professor  Booth,  that  the  nitre  being 
thin,  failed  to  hold  the  oxyd  of  bismuth  formed  by  its  action.  As 
soon  as  the  oxygen  (formed  by  the  decomposition  of  the  nitre)  had 
been  driven  off,  the  reducing  action  of  the  black-lead  pot  caused  the 
bismuth  to  go  back  to  the  metallic  state,  when  it  again  formed  an  alloy 
with  the  metal.  (This  metal  was  afterwards  refined  to  999  J  by  the  use 
of  bone  ash.) 

As  the  examination  of  the  precipitate  collected  on  the  filter  in  the 
previous  experiment  had  revealed  .the  fact  that  the  volatilized  silver 
globules  were  so  minute  as  to  lead  to  the  inference  that  a  portion  had 
passed  through  the  interstices  of  the  filtering  cloth,  an  effort  was  made 
to  recover  any  particles  thus  escaping.  The  fact  that  the  metal  did  so- 
escape  was  conclasively  proved  in  this  experiment  and  a  portion  of  the 
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fugitive  particles  recovered.  In  this  case,  the  water  percolating  through 
the  filter  was  caught  in  a  large  iron  tank,  the  overflow  from  this  tank 
discharged  into  a  second  filter  composed  of  two  thicknesses  of  fine 
twilled  linen.  The  water  in  the  tank  was  allowed  to  remain  at  rest 
for  several  hours  and  then  drawn  off.  On  testing  the  sediment  in  the 
tank,  it  was  found  to  be  rich  in  silver ;  it  was  then  dried,  treated  with 
carbonate  of  soda  in  a  sand-pot.  A  button  of  silver  was  obtained 
which  was  purified  by  cupellation  and  then  weighed  '07  of  an  ounce. 

The  sediment  collected  on  the  second  filter  was  treated  as  above  with 
a  similar  result.  Finally  a  portion  of  the  water  escaping  through 
the  second  filter  was  collected  and  silver  was  traced  here  also. 

Although  many  of  these  particles  or  globules  are  so  minute  that  a 
microscope  with  a  good  magnifying  power  is  required  to  see  them,  they 
may  be  readily  and  beautifully  exhibited  by  agitating  a  beaker-glass 
full  of  the  water  in  the  sunlight,  when  thousands  of  brilliantly  scin- 
tillating points  of  light  are  seen  reflected  from  the  extremely  minute 
faces  of  the  silver  pellicles.  A  similar  effect  is  described  by  Fara- 
day in  "  Philosophical  Transactions,"  1857.  By  treating  very  dilute 
solutions  of  gold  with  phosphorus  he  obtained  the  metal  diffused 
through  the  liquid  in  extremely  fine  particles.  These  particles 
he  says  "  are  easily  rendered  evident  by  gathering  the  rays  of  the 
sun  (or  a  lamp)  into  a  cone  by  a  lens,  and  sending  the  part  of  the 
cone  near  the  focus  into  the  fluid;  the  cone  becomes  visible,  and 
though  the  illuminated  particles  cannot  be  distinguished,  because  of 
their  minuteness,  yet  the  light  they  reflect  is  golden  in  character  and 
seen  to  be  abundant  in  proportion  to  the  quantity  of  gold  present." 
He  further  says  that  portions  of  gold,  in  such  a  fine  State  of  division 
that  "  they  have  not  as  yet  been  seen  by  any  power  of  the  microscope, 
may  have  the  presence  of  the  diffused  solid  particles  rendered  evident 
by  the  sun  in  this  way." 

Supplemental  Experiment  with  the  Silver  Bismuth  Alloy. 

As  already  stated,  the  alloyed  metal  resulting  from  the  experiment 
with  bismuth  was  found  to  retain  four  and  a  half  thousanths  of  bis- 
muth which  the  nitre  had  not  removed.  In  accordance  with  the  sug- 
gestion of  Professor  Booth,  the  metal  was  again  melted  and  covered 
with  a  coating  of  bone  ash,  holes  were  made  in  this  covering  with  an 
iron  poker  and  grains  of  nitre  were  dropped  through  to  the  exposed 
surface  of  the  molten  metal ;  as  fast  as  the  bismuth  was  oxidized  it 


Digitized  by 


Google 


384  Outerbridge — Alloys  of  Silver.        [Jour.  Frank.  Inst, 

was  absorbed  and  held  by  the  bone  ash  (the  principle  being  the  same 
as  in  cupellation) ;  at  the  end  of  about  one  hour,  the  bone  ash  was 
taken  off,  a  fresh  supply  of  nitre  and  sand  added,  the  second  flux 
skimmed  off  and  the  metal  cast  into  bars.  The  condensing  apparatus 
was  not  used,  as  it  was  supposed  that  the  bone  ash  covering  would 
protect  the  metal  from  volatilization.  It  was  found,  however,  that  a 
loss  of  1*42  ozs.  occurred.  During  the  toughening,  samples  were  taken 
out  at  intervals  of  twenty  minutes  and  assayed ;  the  first  showed  997 
the  metal  still  remaining  brittle.  The  second  sample  assayed 
997|  and  was  also  brittle.  The  third  assayed  999  and  showed  some 
brittleness,  but  the  fracture  presented  a  closer  grain  than  in  the  two 
former  samples.     It  was  still  quite  unfit  for  coin  ingot  metal. 

The  bars  when  cast  had  all  the  appearance  of  fine  silver,  being  per- 
fectly ductile ;  they  assayed  999  J  fine.  This  result  seems  to  indicate 
that  small  percentages  of  bismuth  affect  silver  more  injuriously,  both 
in  regard  to  its  ductility  and  in  respect  to  the  difficulty  of  its  elimina- 
tion, than  equal  proportions  of  arsenic  or  antimony. 

Fifth  Experiment — Silver  and  Lead. 

A  bar  of  silver,  999^  fine,  weighing  82*83  ozs.,  was  melted  tinder 
charcoal  Avith  3  ozs.  of  pure  lead  in  a  closed  crucible.  The  king  of 
alloyed  metal  weighed  85*61  ozs.,  showing  that  2*78  ozs.  of  lead  had 
combined  with  the  silver. 

The  exterior  of  the  king  had  a  white  or  frosted  appearance.  On 
cutting  an  assay  chip,  the  metal  was  found  to  be  very  brittle,  having  a 
dull  leaden  color.  The  fracture  was  not  very  clearly  crystalline,  but 
seemed  more  like  the  effect  of  a  mechanical  tearing  away  of  the  metal. 
A  similar  effect  was  noticed  in  rolling  and  hammering  the  assay  slip, 
for  while  it  broke  to  pieces  under  the  hammer,  it  seemed  to  be  crumbly 
(like  dry  bread)  rather  than  brittle.  Under  ordinary  inspection,  how- 
ever, it  would  have  been  simply  classed  as  brittle.  The  sample  from 
the  king  assayed  960,  or  contained  4  per  cent,  of  lead.  A  melt  of 
bars,  999  J  fine,  weighing  931*53,  was  then  made  in  a  No.  40  black- 
lead  pot.  The  king  was  added,  mixed,  and  a  sample  cast ;  this  sam- 
ple assayed  996J.  It  was  fairly  ductile,  had  a  good  lustre  and  color, 
but  when  compared  with  a  strip  of  fine  silver  it  was  appreciably 
(though  not  greatly)  darker  in  tint. 

A  coating  of  bone  ash  was  put  on  and  the  nitreing  performed  as  in 
the  previous  case.     Samples  were  taken  out  and  assayed  from  time  to 
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time  until  the  metal  was  found  to  be  suflBciently  refined.  In  about  one 
hour  the  bone  ash  was  removed  and  the  bars  cast.  Owing  to  some 
accidental  cause  (probably  the  want  of  a  sufficient  covering  of  charcoal), 
the  metal  "  spurted  "  or  "  vegetated  '^  on  the  surface,  rendering  it 
necessary  to  remelt  and  recast  the  bars,  and  when  this  was  done  they 
presented  to  the  eye  all  the  characteristics  of  perfectly  pure  metal. 
When  the  small  chip  was  cut  off  for  assay,  there  was  no  evidence  of  a 
tendency  to  crystallization,  and  the  sample  was  laminated  into  a  ribbon 
y^th  of  an  inch  in  thickness,  without  splitting.  The  assay  showed 
that  the  metal  was  now  refined  to  999J  thousandths. 

To  briefly  recapitulate,  the  results  obtained  in  this  work — which  the 
writer  desires  shall  be  regarded  rather  as  preliminary,  and  therefore 
capable  of  possible  modification  on  more  extended  investigation — are 
these: 

It  was  ascertained  that  the  arsenical  silver  alloy,  contrary  to  the  gen- 
eral expectation,  was  the  least  volatilizing  in  silver  in  comparison  with 
more  refractory  metals,  and  that  the  alloy  might  contain  one  per  cent, 
of  arsenic  (silver  990,  arsenic  10)  without  materially  injuring  the  ductil- 
ity ;  but  if  carried  to  two  and  a  half  per  cent.,  the  mixture  was  quite 
brittle. 

The  antimonic-silver  alloy  caused  a  very  much  greater  loss  of  silver, 
and  yet  its  brittling  effect  was  much  less  than  had  been  anticipated. 
Bismuth  was  the  most  brittling,  and  in  this  experiment  proved  by 
far  the  most  difficult  to  remove  by  fluxes  that  operated  effectively  upon 
the  two  former. 

Lead  caused  a  greater  loss  than  any  of  the  former  with  the  excep- 
tion of  antimony.  The  brittleness  of  those  was  crystalline,  of  this 
rather  crumbly  or  amorphous,  yet  three  parts  in  a  thousand  did  not 
spoil  the  ductilit}\ 

While  it  has  been  a  source  of  regret  to  the  writer  that  these  trials 
have  been  suspended,  for  the  reason  given,  prior  to  the  completion  of 
the  pre-arranged  schedule,  he  is  led  to  hope  that  they  may  form 
the  entering  wedge  into  future  investigations,  which  are  much  needed 
to  afford  a  complete  elucidation  of  the  difficulties  that  beset  the  man- 
ipulator in  the  precious  metals,  whether  in  the  preparation  of  coin 
metal,  ornamental  ware  or  gold  leaf,  in  the  want  of  ductility  of  the 
alloys,  and  he  is  also  encouraged  to  think  that  they  may  serve  to  throw 
a  passing  glimmer  of  light  upon  this  rather  obscure  subject,  in  support 
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of  which  hope  he  refers  the  reader  to  an  extract  on  this  subject  from 
the  letter  of  the  assayer,  already  alluded  to.* 

Tables. 

The  following  tabular  statement  shows  the  gross  weight  of  metal 
operated  upon  in  each  experiment  and  the  amount  of  fine  silver  con- 
tained  therein,  together  with  the  gross  weight  and  amount  of  fine 
silver  recovered  from  the  toughening  process : 

FIRST  EXPERIMENT.  OUNCES. 

Gross  Weight.      Fine  Silver. 
Refined  silver,  999  fine, .  .  .     1052-46 

Metallic  arsenic,      .  .  .  2*52 


905-68 
2-79 

•25 

908-47 
903-16 

903-86 
900-21 

Total  weight  of  metal  Operated  on,  .     1064-98  1051-40 

Total  weight  of  metal  recovered  in  the  form 

of  bars,  samples  and  "  sweep,"  .     1053-32  1051*15 

Apparent  loss  of  silver, 

SECX)ND   EXPERIMENT. 

Refined  silver,  998  fine, . 
Metallic  antimony, . 

Total  weight  of  metal  operated  on. 
Total  weight  of  metal  recovered,    . 

Apparent  loss  of  silver,  .  .  .  3-65 

*  "  I  took  a  particular  interest  in  this  investigation  for  two  reasons :  First,  I  was  sure 
that  we  knew  too  little  practically  about  the  effect  of  a  small  presence  of  such  metals 
as  arsenic,  lead,  etc.  That  is,  we  depended  too  much  upon  supposition,  as  to  the  extent 
or  the  degree  in  which  they  were  injurious  to  the  precious  metals  for  coining  purposes. 
It  was  worth  while  to  make  some  severe  and  decisive  tests  upon  that  point.  *  •*  *- 
As  you  have  already  seen  by  Mr.  Outerbridge's  report  in  detail,  the  alloying  and  vol* 
atilizing  experiments  were  made  with  four  metals  in  conjunctton  with  silver,  namely  i 
arsenic,  antimony,  bismuth  and  lead.  These  are  the  chief  enemies  that  trouble  the 
camp  of  the  silver  miner  and  refiner.  Nor  are  they  less  dreaded  at  the  mint,  since  a 
small  proportion  of  either  will  make  our  gold  or  silver  refractory,  brittle,  crystalline- 
or  crumbly.  *  *  *  y^Q  m^gt  have  ductile  metal  to  work  with.  Hence 
these  experiments  have  for  us,  as  I  have  said,  a  twofold  interest,  as  hitherto  there  have 
been  no  trials  that  we  know  o^  at  home  or  abrdad,  on  any  considerable  scale,  or  in 
proper  bulk.  *  *  *  On  the  whole  we  have  learned  a  good  deal,  and  I 
hope  these  experiments,  without  respect  to  the  saving  from  waste,  may  be  made  acces- 
sible to  parties  interested  in  our  own  land  and  in  foreign  parts" 
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THIRD   EXPERIMENT. 

Refined  silver,  998  fine, . 
Metallic  bismuth,    . 

Total  weight  of  metal  operated  on. 
Total  weight  of  metal  recovered, 

Apparent  loss  of  silver,  . 

FOURTH  EXPERIMENT — (Supplemental) 
Silver-bismuth  alloy,  996  ^  fine. 
Total  weight  of  metal  recovered. 

Apparent  loss  of  silver,  . 

FIFTH   EXPERIMENT. 

Refined  silver,  999J  fine, 
Metallic  lead. 

Total  weight  of  metal  operated  on, 
Total  weight  of  metal  recovered, 

Apparent  loss  of  silver,  .  .  •  3*07 


1026-39 
2-96 

1029-35 
1027-18 

1024-33 
1023-31 

raeritaZ). 

1020-56 

1015-79 

1-02 

1016-73 
1015-31 

1014-36 
2-78 

1-42 

1013-85 
1010-78 

1017-14 
1011-78 

REMARKS  ON  THE  GENERAL  THEORY  OF  THE  CEN- 
TRIFUGAL GOVERNOR  FOR  STEAM  ENGINES. 

By   L.   d'Auria, 

Professor  of  Applied  Mechanics;  former  Engineer  of  the  Military  Topographic  Insti- 
tute in  Italy,  Marine  Architect^  etc. 

In  any  centrifugal  governor,  the  masses  moved  by  the  centrifugal 
force  resist  the  rotation  by  the  inertia  with  a  force  equal  to  the  masses 
multiplied  by  the  acceleration.  This  force  acting  tangentially,  it  occa- 
sions a  certain  friction  which  resists  the  radial  movement  of  said  masses 
by  the  centrifugal  force,  which  friction  must  be  taken  in  consideration 
in  the  equation  of  dynamical  equilibrium  of  the  system. 

If  we  indicate  by  2*  W,  the  sum  of  the  weights  moved  by  the  cen- 
trifugal force  in  any  centrifugal  governor ;  by  p,  the  variable  distance 
of  their  common  centre  of  gravity  from  the  axis  of  rotation  (the 
weights  H  W  are  supposed  to  have  the  same  point  of  suspension) ;  by 
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^,  the  angle  made  by  the  axis  of  rotation  with  the  straight  line  joining 
the  centre  of  gravity  of  HW  with  the  suspension ;  by  :^i  and  N  respec- 
tively the  numbers  of  revolutions  per  minute  required  by  the  governor 
to  act  when  in  its  lower  position  calculated  with  and  without  the  influ- 
ence of  the  tangential  force  of  inertia ;  by  t,  the  time  in  which  the 
governor  passes  from  the  speed  of  Nto  Ni  revolutions  per  min.,  w  nich 
passage  we  suppose  takes  place  with  uniformly  accelerated  motion ;  the 
'equation  of  dynamical  equilibrium  will  be,  according  to  the  suppo- 
sition, 

^  ^^  N,'  7^pcos.d  =  IW  sin.  d  +f    ^^    {N-N) 


900  g.      '       '  "^  180  g.« 

in  which  the  last  term  represents  the  tangential  force  of  inertia  multi- 
plied by  a  coefficient /of  friction,  which  reduced  the  friction  to  a  resist- 
ant force  applied  at  the  centre  of  gravity  of  the  weights  2  W. 
Now  from  this  equation  we  obtain 

_^  (25         f  900  g.  tang,  g  5  Nf 

'      ^  tTT  co&.d  ^   \  4    fTt'cos.^e  ^  Tt'p  tnocys,.d 

and  observing  that 

900  g.  tang,  d  ^  ^j 

Tt'p 
wdll  be 

"  N,  =  'N)' 

which  shows  how  harmless  the  tangential  force  of  inertia  is  in  centrif- 
ugal governors,  aiid  how  useless  are  the  devices  proposed  by  some 
inventors  for  the  elimination  of  the  friction  arising  from  it. 


Molecular  Vibrations  in  Magnetic  Metals. — De  la  Rive 

showed,  in  1846,  that  when  a  rapidly  interrupted  electric  current  tra- 
verses a  stretched  iron  wire  it  produces  sounds  corresponding  to  the 
number  of  interruptions.  M.  Ader  reports  some  late  experiments 
which  lead  liim  to  the  following  conclusions:  1.  With  all  magnetic 
metals  the  passage  of  an  undulatory  current  produces  internal  mole- 
cular vibrations  which  yield  audible  sounds.  2.  In  order  to  increase 
the  intensity  of  the  vibrations,  some  mechanical  action  should  be 
opposed  to  the  wires  or  bars,  such  as  the  inertia  of  two  heavy  masses 
^t  their  extremities.  The  experiments  are  most  successful  with  a  bat- 
tery which  furnishes  electricity  in  quantity  and  with  a  short  circuit. — 
Comptes  JRendvis. 
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PHOSPHORUS  IN  COAL. 
By  Andrew  S.  McCreath,  Harrisburg,  Pa. 

Read  at  the  Pittsburgh  Meeting  of  the  American  Institute  of  Mining  Engineers,. 

May  13th,  1879. 


The  manufacture  of  pig  iron  for  conversion  into  steel  by  the  Bes- 
semer and  open-hearth  processes,  is  now  one  of  the  most  important 
industries  of  the  United  States.  It  is  necessary  that  iron  intended  for 
this  purpose  should  be  .very  pure,  and  especially  must  it  be  compara- 
tively free  from  phosphorus.  Great  care  must  therefore  be  exercised 
in  the  selection  of  proper  ores,  flux,  and  fuel.  Only  such  ores  as  are 
practically  free  from  phosphorus  can  be  used,  and  pure  fuel  is  as  much 
a  necessity  as  pure  ores ;  though  hitherto  iron  men  have  paid  compara- 
tively little  attention  to  this  point. 

During  the  course  of  my  work  as  chemist  for  the  Second  Geological 
Survey  of  Pennsylvania,  I  had  occasion  to  examine  some  of  the  bitumi- 
nous coals  of  the  State  for  phosphorus,  and  the  results  obtained  are  so- 
interesting  that  I  venture  to  present  them  to  the  notice  of  the  members- 
of  the  Institute. 

The  coals  are  arranged  in  geological  order  according  to  the  different 
beds,  and  the  table  shows  the  percentage  of  phosphorus  in  the  coal 
and  also  in  the  coke. 

The  greatest  number  of  specimens  have  been  selected  from  the 
Pittsburgh  bed,  because  it  is  the  principal  coal-bed  of  South-western 
Pennsylvania,  and  most  of  the  mineral  fuel  which  is  mined  along  the 
Youghiogheny  and  Monongahela  rivers,  to  be  used  in  the  coke  ovens 
of  the  Connellsville  region  and  in  the  blast  furnaces  and  mills  of 
Pittsburgh  and  its  vicinity,  and  to  be  shipped  to  Western  and  Southern 
markets,  comes  from  this  bed. 

It  will  be  noticed  that  many  of  the  specimens  examined  contain 
phosphorus  in  most  objectionable  quantities.  In  the  twenty-four  coals 
tested  from  this  bed,  the  amount  of  phosphorus  varies  from  a  mere 
trace  to  '1248  per  cent.,  equal  to  '2003  per  cent,  in  the  coke.  Such  a 
coke  could  not,  of  course,  be  used  in  the  manufacture  of  Bessemer  pig 
iron,  and  it  is  believed  that  in  many  cases  unsatisfactory  results  have 
been  obtained  simply  by  the  use  of  an  impure  fuel. 


Digitized  by 


Google 


390  McOreathr-^Phosph^ynjis  in  Coal.      [Joiir.  Frank.  Inst, 

Table  shomng  ihe  Percentage  of  Phosphorus  in  Certain  Coals. 


Name  of  Coal. 


I 

I       Oounty. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

■25 

26 

27 

28 

2d 

30 

4J1 

32 

33 

34 

36 

36 

37 

38 


Goal  bed. 


Henderson^  Buffalo  Township Washington. 

Lucas's,  Dunkard  Township Greene. 

Miller's,  Dunkard  Township 

Magee's,  Indepeadenoe Washington. 

Ashurst's,  Chartiers 

Bed's,  Fallowfleld 

New  Eagle  Works,  Carroll  Township 

White's,  East  Pike  Bun  Township 

Slocum's,  East  Pike  Bun  Township "  t 

Penn  Gas  Coal  Co.'g  Youghiogheny  Shaft. Westmoreland.' 

Penn  Gas  Coal  Co.'s  Penn  Shalt 

Penn  Gas  Goal  Co.'s  Sewickley  Shalt 

Westmoreland  Coal  Co.'s  Souttiside  Mine 

Westmoreland  Coal  Co.'s  Larimer  Mine 

Westmoreland  Coal  Co.'s  Foster  Mine 

Millwood  Coal  Co.'s,  Derry  Township , 

Saltzburg  Coal  Co.'s,  Loyalhanna  Township.. 

Saxman  &  Ca's,  Perry  Township 

Greensburg  Coal  Co.'s,  Hempfleld  Township.. 

Frick  &  Co.'s,  Connellsville  Township iFayette. 

Townsend's,  Perry  Township j       " 

M  cCormack  Heirs,  Franklin  Township |      ** 

Swan  Heirs,  North  Union  Township '      ** 

Kendal's,  German  Township. j       " 

Saylor  Hill,  Summit  Township...... '. 'Somerset. 

Wilhelm  Mine,  Elk  Lick  Township i      " 

Coleman  Brothers,  Valley  Township t       " 

Cotter's,  Baccoon  Township iBeaver. 

Dysart  &  Co.'s,  Washington  Township [Cambria. 

Dennison,  Porter  &  Co.'s,  Allegheny  Township....  (Blair. 
Diehl's,  Green  Township ..Beaver. 


Washington. 

Sewickley. 

Pittsburgh. 


B.  J.  Hughes  &  Co.'s,  Decatur  Township. 
Bockhill  Iron  and  Coal  Cq.'s,  Carbon  Township... 

Joseph  Bamsey,  Jr.'s,  White  Township 

Dennison,  Porter  &  Co.'s,  Allegheny  Township.. 

Cambria  Iron  Co.'s,  Allegheny  Township , 

Cambria  Iron  Co.'s,  Conemaugh  Township 

Dysart  &  Co.'s,  Washington  Township 

Brotherline's,  Glearfldd  Township. 

Savage  Cplliery,  Todd  Township 


Clearfield. 
Huntingdon^ 
Cambria. 
Blair. 

Cambria. 


Huntingdon. 


Berlin. 
Bed  K 


Bed  D. 


Bed  C. 
BedB. 


•1667 
•0053 
•0025 
•0254 
•0491 
•0943 
•0013 
•1248 
•0011 
•0058 
trace, 
trace. 
•0092 
trace. 
•0402 
•0801 
■0307 
•0167 
•0070 
•0111 
•0022 
trace, 
trace. 
■0020 
•0058 
•0122 
•0105 
•0058 
•0630 
•0075 
trace. 
•0080 
trace. 
•0078 
•0053 
trace, 
trace, 
trace, 
trace. 
•0080 


•2818 
•0084 
•0041 
*0438 
•0846 
•1551 
•0020 
•2003 
•0018 
•0095 

trace. 

trace. 
•0150 

trace. 
•0652 
•1177 
•0452 
-0247 
•0107 
•0161 
•0034 

trace. 

trace. 
•0031 
•0074 
•0156 
•0135 
•0094 
•0688 
•0103 

trace. 
•0107 

trace. 
•0105 
•0072 

trace. 

trace. 

trace. 

trace. 
•0098 


Substitution  of  Steel  for  Iron. — The  first  iron  vessel  was  built 
in  1820,  for  the  trade  between  London  and  France.  Thirty  years 
afterwards  the  tonnage  of  the  iron  steamers  was  only  one-fourth  as 
great  as  that  of  the  wooden  steamers.  In  1860  nearly  four-fifths  of 
the  English  steamer  tonnage  was  iron ;  in  1868  nearly  ten-elevenths 
of  the  tonnage  was  iron.  Prior  to  1870  only  27,000  tons  of  steel  had 
been  used  in  ship  building ;  since  that  time  the  price  of  steel  has  stead- 
ily approximated  to  that  of  iron,  and  the  production  of  steel  has 
increased  twentyfold.  The  leading  railroads  are  gradually  replacing 
their  iron  rails  by  steel,  which  cost  but  little  more  and  last  three  times 
as  long.  A  similar  substitution  is  gradually  taking  place  in  the  ship 
yards. — Forisch.  der  Zeit. 
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NOTE  ON  THE  DETERMINATION  OF  SILICON  IN  PIG 
IRON  AND  STEEL. 


By  Djr.  Thomas  M.  Drown,  Lafayette  College,  Easton,  Pa. 

(Bead  at  the  Baltimore  meeting  of  the  American  Institute  of  Mining  Engineers, 

February,  1879.) 


In  experimenting  in  connection  with  Mr.  P.  W.  Shimer  (now  chem- 
ist of  the  Thomas  Iron  Company,  Hokendauqua,  Pa.),  on  methods  for 
the  determination  of  silicon  in  pig  iron,  in  order  to  find  one  which 
should  be  accurate  and  yet  give  results  in  a  few  hours,  I  have  adopted 
the  following  procedure,  which,  as  far  as  my  experience  goes,  leaves 
nothing  to  be  desired. 

About  one  gramme  of  pig  iron  or  steel  i^  treated  in  a  platinum  or 
porcelain  dish  with  25  cubic  centimetres  of  nitric  acid  (sp.  gr.  1,  2). 
When  action  has  ceased,  25  to  30  cubic  centimetres  of  dilute  sulphuric 
acid  (one  of  acid  and  three  of  water)  are  added,  and  heat  applied  until 
the  nitric  acid  is  nearly  or  quite  driven  off*.  The  heat  of  a  water-bath 
is  sufficient,  though  the  process  may  be  hastened  by  heating  higher  on 
a  sand-bath.  Water  is  then  cautiously  added  (as  soon  as  the  free  sul- 
phuric acid  is  sufficiently  (jool)  and  the  contents  of  the  dish  heated  until 
the  crystals  of  ferric  sulphate  are  completely  dissolved.  The  solution 
is  then  filtered  as  hot  as  possible,  the  residue  washed  first  with  hot 
water,  then  with  25  to  30  cubic  centimetres  of  hydrochloric  acid  (sp. 
gr.  1,  12),  and  finally  with  hot  water.  After  drying  and  igniting,  the 
silica  will  be  found  to  be  snow-white  and  granular. 

The  following  are  some  results  obtained  by  this  method  compared 
(in  some  instances)  with  the  older  method  of  treatment  with  nitric 
acid,  evaporation  to  dryness,  heating  to  150^C.for  several  hours,  dis- 
solving out  the  iron  in  hydrochloric  acid,  and  filtering  off*  from  the 
insoluble  residue,  which  is  dried  and  ignited,  and  the  resulting  impure 
silica  fused  with  alkaline  carbonates. 

The  letters  denote  different  samples  of  pig  iron. 
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. 

Pek  Cent,  op  Silicon. 

A 

2-64 

B 

C 

D 

E 

1-65 

F 

G 

Bessemer 
steel. 

Old  method, 

2-46 

1-45 

•672 

New  method,  1 

2-70 

2-47 

1-13 

1-63 

l-53t 

1-66 

2-50 

•676 

«        2 

2-68 

2-47 

1-18 

1-62 

l-51t 

1-68 

2-50 

•672 

3 

2-81* 

2-47 

1-65 

l-51t 

1-72 

2-50 

•672 

4 

l-63t 

1-70 

2-47 

"        5 

1-651 

2-46 

6 

l-65t 

Some  incidental  results  obtained  in  developing  this  process  have 
enough  interest  to  be  worthy  of  record.  Treatment  of  pig  iron  with 
concentrated  sulphuric  acid,  heating  till  fumes  arise,  diluting  with 
water,  and  filtering  after  all  action  has  ceased,  gives  a  silica  which  is- 
seldom  pure,  and  yet  the  results  are  considerably  too  low. 

Treatment  with  dilute  sulphuric  acid  and  evaporation  till  the  acid 
fumes  in  the  air,  then  filtering  after  dilution,  gives  occasionally  results 
which  are  accurate ;  but  this  method  is  imcertain,  depending  on  the 
fineness  of  the  borings  and  character  and  composition  of  the  pig  iron* 
The  silica  obtained  is  seldom  white.  The  following  are  some  results 
obtained  in  this  way : 


Per  Cent. 

OF  Silicon. 

♦ 

A 

B 

c 

D 

Old  method      .     .     . 
New  method,  1      .     . 

"        "        2     .     . 

"         "         3      .     . 

"         "        4      .     . 

1-02 
1-05 
1-05 
1-05 

1-64 
1-73 
1^69 
1-70 

2^64 
.3^00 
2^98 
2-97 
3^01 

3^85 
3^88 
3-91 

*  Not  washed  with  hydrochloric  acid. 

f  In  these  analyses  hydrochloric  acid  was  used  after  the  addition  of  nitric  acid,  and 
was  not  completely  driven  off. 

X  Hydrochloric  acid  was  used  for  solution  instead  of  nitric  acid. 


Digitized  by 


Google 


June,  1879.]  Drovm — Silicon  in  Pig  Iron.  393 

Treatment  in  platinum  dishes  gave  very  slightly  lower  results  than 
porcelain  dishes. 

If  after  treatment  with  dilute  sulphuric  acid  the  solution  is  filtered 
off  from  the  residue  without  concentration  of  the  acid,  it  is  found  that 
about  one-half  of  the  silicon  is  in  the  solution  and  the  other  half  in 
the  residue ;  when  nitric  acid  is  used  and  the  solution  filtered  off  as 
soon  as  all  action  has  ceased,  it  is  found  that  about  two-thirds  of  the 
silicon  is  in  the  solution  and  one-third  in  the  residue ;  and  with  hydro- 
chloric acid,  about  one-third  goes  into  solution  and  two-thirds  remains 
in  the  residue.  It  is  not  probable  that  there  is  any  precise  ratio  exist- 
ing between  the  amount  of  silicon  dissolved  and  the  amount  in  the 
residue  in  the  case  of  any  one  of  the  acids,  the  ratio  being  doubtless 
variable  and  depending  on  the  concentration  of  the  acid,  the  time  of 
action,  and  the  temperature ;  yet  the  marked  difference  in  the  action  of 
the  three  acids  in  this  respect  is  interesting. 

The  washing  with  hydrochloric  acid  of  the  residue  obtained  by  the 
action  of  nitric  and  sulphuric  acids  on  pig  iron  is  in  most  cases  neces- 
sary. Thus  there  was  obtained  from  a  pig  iron  when  water  only  was 
used  for  washing,  2*67  per  cent,  of  silicon  against  2*52  when  washed 
with  hydrochloric  acid ;  and  in  another  sample,  2.10  per  cent,  against 
1*70  per  cent. 

Although  the  results  obtained  with  hydrochloric  acid  for  the  orig- 
inal solution  of  the  iron  show,  as  far  as  the  experiments  go,  as  good 
results  as  those  obtained  with  nitric  acid,  yet  I  prefer  the  nitric  acid 
treatment  on  account  of  the  silica  obtained,  being  compact  and  granu- 
lar, while  the  use  of  hydrochloric  acid,  and  also  of  sulphuric  acid 
alone,  yields  a  silica  which  is  light  and  flaky. 


Lactic  Fermentation. — Richet  has  studied  the  effects  of  oxygen, 
of  boiling,  and  of  digestives,  upon  lactic  fermentation.  He  finds  that  the 
fermentation  in  an  elongated  tube  is  only  from  65  to  70  per  cent,  as 
great  as  in  an  ordinary  flask.  Below  44^  (111*2°  Fahr.)  the  activity 
of  fermentation  increases  with  the  temperature.  From  44°  to  52° 
(125*6°  Fahr.)  there  is  no  change ;  above  52°  the  activity  diminishes  in 
proportion  as  the  temperature  increases.  He  attributes  the  resistance 
of  boiled  milk  to  fermentation  to  the  coagulation  of  an  albuminoid 
substance  which  contributes  to  the  development  of  the  ferment. — 
Comptes  Refrvdus,  C. 

Whole  No.  Vol.  CVII.— (Third  Series,  Vol.  Ixxvii.)  28 
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REPORT  OF  THE  COMMITTEE  ON  SCIENCE  AND  THE 
ARTS  ON  THE  HITCHCOCK  LAMP. 


Hall  of  the  Franklin  Institute,  1 
Philadelphia,  April  2,  1879.      / 

The  Sub-committee  of  the  Committee  on  Science  and  the  Arts,  con- 
stituted by  the  Franklin  Institute  of  the  State  of  Pennsylvania,  to 
whom  was  referred  for  examination  the  Hitchcock  Lamp,  report  that 
the  apparatus  is  a  mechanical  (or  blast)  lamp  of  improved  construction, 
which,  in  the  form  submitted  for  examination,  is  especially  adapted  for 
consuming  fat  or  greasy  oils,  animal  or  vegetable,  and  without  the  aid 
of  a  chimney,  the  oil  being  supplied  to  the  wick  by  the  same  mechan- 
ism that  supplies  the  blast.  Leaving  out  of  consideration  for  the 
present  the  general  features  of  mechanical  excellence  of  construction 
which  characterize  the  lamp,  and  which,  by  giving  it  superior  strength 
and  accuracy  of  working,  add  to  its  utility  and  durability,  your  com- 
mittee find  that  the  special  novelt)'  in  its  construction  lies  in  the 
functions  which  the  mechanism  is  called  upon  to  perform — ^that  is  to 
say,  to  furnish  a  forced  blast  or  draft  to  the  flame  and  at  the  same  time 
to  deliver  the  oil  to  the  wick,  both  of  which  operations  are  performed 
simultaneously  and  continuously  so  long  as  the  mechanism  is  working. 
This  feature  will  appear  more  distinctly  by  instituting  a  comparison 
between  the  Hitchcock  lamp  and  other  mechanical  lamps  with  which 
your  committee  is  familiar. 

The  Caroel  lamp  is  designed  to  bum  fat  oils.  The  air  supply  to  the 
flame  is  obtained  by  the  use  of  a  chimney  of  about  11  inches  in  height, 
while  the  oil  is  supplied  to  the  flame  by  a  mechanical  movement. 

The  Jones  &  Hitchcock  lamp^the  immediate  predecessor  of  the 
lamp  before  the  committee — is  designed  to  burn  kerosene  without  a 
chimney,  the  necessary  air  supply  being  obtained  by  mechanical  means. 

In  the  Carcel  lamp,  with  a  chimney,  the  movement  supplies  the  oil 
to  the  flame.  In  the  Jones  &  Hitchcock  lamp,  without  a  chimney, 
the  movement  furnishes  the  air  supply  to  the  flame.  In  the  Hitchcock 
lamp  before  the  committee  the  movement  combines  both  these  func- 
tions, supplying  the  blast  and  feeding  the  oil  simultaneously. 

As  compared  with  either  the  Carcel  or  the  Jones  &  Hitchcock  lamp, 
the  movement  is  more  compact  and  considerably  more  effective,  pos- 


Digitized  by 


Google 


June,  1879.]  1  he  Hitchcock  Lamp.  395 

sessing  the  capacity  of  furnishing  a  continuous  light  for  12  hours, 
while  that  of  the  Carcel  and  Jones  &  Hitchcock  are  limited  respect- 
ively to  6  and  7  hours. 

Referring  to  the  mechanical  details  and  workmanship  displayed  in 
the  Hitchcock  lamp,  your  oominittee  find  it  in  these  particulars  worthy 
of  imqualified  praise,  and,  of  the  two  samples  before  the  committee, 
one  has  been  kept  in  almost  continuous  experimental  service  for  over  a 
year  and  the  other  about  half  that  time,  and  with  very  satisfactory 
results. 

The  lamp  can  readily  be  taken  apart  for  cleaning  and  repairs,  the 
principle  elements — i,  e.  the  movement,  the  pump  and  the  wick  tube — 
being  readily  removable  from  the  shell  or  body,  and  as  easily  returned. 

The  elliptical  form  of  the  wick  tube,  in  the  opinion  of  your  com- 
mittee, has  several  advantages  over  both  the  flat  and  the  cylindrica 
wick,  as  the  flat  form  gives  no  interior  current  of  air,  and  would  be 
quite  inapplicable  to  this  form  of  lamp  by  making  the  combustion 
imperfect ;  and  the  circular  wick,  though  avoiding  this  objection,  does 
not  utilize  the  interior  air  current  as  effectively  as  the  elliptical  or 
compressed  form,  which  gives  practically  the  same  results  as  regards 
luminosity  as  two  flat  flames. 

The  committee  have  been  aided  in  getting' at  the  illuminating  value 
of  the  lamp  by  the  courtesy  of  Dr.  Cresson,  whose  comparative  photo- 
metric measurements  and  results  are  given  herewith  on  his  authority : 

Remits  of  Experimerdal  Trials  vnih  the  "  Hitchcock  Blast  Lamp  ^^  frmn 
the  Hitchcock  Lamp  Company.    (No  Chimney.) 

Philadelphia,  July  18,  1876,  \ 
417  Walnut  Street.      / 
Car  Lamp  with  Lard  Oil  : 

Specific  gravity  of  oil,  .  .  •0*911 

Or  1  U.  S.  gallon  weighed  .  ,  7*59  pounds. 

Continuous  trial  of  12  hours'  duration. 

Hourly  observations  upon  consumption  of  oil. 

Half-hourly  observations  upon  candle  power. 

Average  consumption  of  oil  per  hour,  .  .  922*4  grains. 

Average  light  produced,  .  .  .  16*9  candles. 

Average  consumption  of  oil  per  candle  light,  .    54*5  grains. 

Or  1  gallon  of  oil  will  give  16*9  candle  light  for  57  hours. 

When  solid  lard  was  used : 

Hourly  consumption  of  lard,         .  .         882*    grains. 

Light  produced,  .  ...  .    14*85  candles. 
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Average  consumption  of  lard  per  candle  light,     59*4  grains. 
One  pound  of  lard  gives  light  of         .  .  117*8  candles. 

Trials  with  Thackara  &  Buck's  best  Lard-oil  Burner,  with  glass  chimney 
8  inches  high,  gave  : 

Average  consumption  of  oil  per  hour,  .  .  805*    grains. 

Average  light,        ....  13*4  candles. 

Grains  of  oil  per  candle  light,  .  .60*5 

The  best  and  most  economical  results  were  obtained  from  the  Hitch- 
cock lamp  when  it  was  giving  a  light  equal  to  that  from  17  candles^ 
When  it  was  burned  at  the  rate  of  15  candles  the  consumption  of  oil 
per  candle  light  rose  to  57  grains,  and  when  at  21  candle  lights  to  70 
grains  per  candle  light. 

The  ordinary  solar  lamp  could  not  be  made  to  yield  over  16  candles, 
and  burned  best  at  13*5  candles,  and  at  all  times  was  very  sensitive  to 
cross-drafts  and  motion  of  the  lamp. 

The  Hitchcock  lamp  gave  decidedly  the  most  satisfactory  results^ 
with  the  great  advantage  of  the  absence  of  a  glass  chimney,  behaving 
well  when  placed  in  a  strong  draft  of  air,  or  when  carried  from  place 
to  place. 

Car  candles  used  for  comparison  burned  at  209  grains  per  hour,  and 
gave  a  light  of  2*2  standard  spermaceti  candles,  consuming  120  grains 
of  sperm  per  hour.  The  above  results  are  given  in  standard  candle 
lights. 

To  this  favorable  opinion  of  Dr.  Cresson,  which  your  committee 
fiilly  endorse,  it  should  be  added  that  the  body  of  the  lamp  never 
becomes  too  hot  for  comfortable  handling,  even  after  burning  for  12 
hours,  the  maximum  temperature  being  attained  in  about  5  or  6  hours^ 
The  lamp  is  portable,  and,  your  committee  is  advised,  is  made  in  a 
variety  of  styles  and  shapes  to  suit  special  services.  The  style  before 
the  committee  is  that  employed  in  railway  cars.  The  flame  is  very 
tenacious  and  the  light  very  steady,  requiring  but  little  attention  when 
the  wick  is  properly  trimmed  and  adjusted. 

Your  committee  are  of  the  opinion  that  the  lamp  combines  the  fea- 
tures of  excellence,  of  mechanical  construction  and  utility.  Detailed 
drawings  of  lamp  accompany  this  report — ^all  of  which  is  respectfully 
submitted. 

William  H.  Wahl,  Chairman. 
L.  L.  Cheney, 
Albert  G.  Buzby. 
Amended  and  adopted.  May  7,  1879. 
H.  Cartwright, 

Chairman  pro  tern. 
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ABSTRACT  OF  A  REPORT  OF  EXPERIMENTS  ON  THE 

EFFICIENCY  OF  COKE  GAS-GENERATORS 

WITH  VARYING  DRAFT. 


Conducted  under  the  auspices  of  the  Verein  von  (ras-  und  Wasserfachmannem  of 

Germany,  by  a  committee  consisting  of  E.  Grahn,  Simon  Schiele,  Dr. 

Schilling,  and  published  in  the  Journal  of  the  Society. 

Translated  by  Philip  Pistob. 

The  experiments  were  conducted  on  the  plan  proposed  by  Dr.  Bunte 
and  adopted  by  the  Society. 

Carbonic  oxide  is  most  advantageously  generated  when  it  occurs 
continuously  in  unvarying  quantities  with  the  smallest  possible  per- 
centage of  carbonic  acid  and  in  such  a  manner  that  the  operation  is 
not  disturbed  by  the  removal  of  the  slag  or  scoriae  deposited. 

Experiments  were  conducted  with  a  view  to  determine : 

1.  The  quantity  of  gas  generated  in  a  given  time. 

2.  The  mean  composition  of  the  gas. 

3.  The  formation  and  removal  of  the  slag. 


The  experimental  generator  had  at  first  no  grate  (one  was  introduced 
lat6r  during  the  experiments),  but  two  slits  or  openings  at  the  bottom, 
opposite  each  other,  for  the  admission  of  air.  It  had  1  sq.  metre  cross 
section.  From  the  upper  edge  of  slit  to  lower  edge  of  flue  1'5  m. 
The  flue  was  of  0*25  sq.  m.  sectional  area.  Peep-holes  were  intro- 
duced in  the  sides  every  0*25  m.  of  the  height.  The  generator  was 
charged  from  a  hole  in  the  top,  which  was  closed  with  a  flat  luted 
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cover.  The  draft  was  r^ulated  by  a  damper  in  the  flue.  As  a  chim- 
ney of  36  m.  height  was  available  for  the  experiments,  and  it  wa& 
desirable  to  obtain  the  full  natural  draft,  the  gases  were  conducted 
through  a  combustion  chamber,  to  avoid  danger  of  explosion  in  the 
chimney,  to  the  same. 

The  draft  pressure  was  determined  by  two  manometers,  one  an  ordi- 
nary water  manometer  for  rough  approximate  measurements,  the  other 
a  very  sensitive  one  for  precise  measurements.  Besides,  an  automatic 
self-registering  Crosley  manometer  was  used.  They  were  connected 
by  tubes  with  the  flue.  Experiments  showed  that  it  made  no  difference 
which  way  the  openings  of  these  tubes  were  directed  with  reference  to 
the  direction  of  the  draft. 

An  aspirator  exhausted  small  quantities  of  the  gas  at  different  times 
during  each  experiment,  for  analyzing  purposes,  and  specimens  were 
also  taken  from  the  peep-holes. 

The  following  observations  were  recorded  during  each  experiment : 

1.  Mean  draft  in  flue. 

2.  Duration  of  experiment. 

3.  Weight  of  material  charged. 

4.  Weight  of  ashes,  clinkers,  scoriae. 

5.  Chemical  composition  of  the  gas. 

6.  Temperature  in  the  flue. 

Subtracting  the  weight  of  water  and  refuse  from  the  mass  charged, 
will  give  the  weight  of  gasified  particles*,  which  for  coke  may  be 
taken  without  any  great  error  as  consisting  of  carbon.  With  this 
assumption,  the  volume  of  gas  generated  at  0°  and  760  mm.  pressure 
may  be  calculated  as  follows : 

1  cub.  m.  carbonic  acid  and  1  cub.  m.  carbonic  oxide  contain  exactly 
the  same  weight  of  carbon,  viz.,  0*5363  kilogrammes.  The  volume 
of  the  gases  containing  carbon  in  one  cub.  m.  of  gas  generated  will  be 
given  by  the  chemical  analysis.  Multiply  this  number  by  0*5363  and 
we  have  the  weight  of  carbon  in  1  cub.  m.  of  gas  generated.  Finally, 
this  weight  into  the  total  weight  of  carbon  consumed  will  give  the 
total  volume  of  gas  generated. 


*  The  correction  for  weight  of  water  was  not  taken  into  account,  as  it  was  found  to 
vary  as  much  for  one  and  the  same  as  for  different  kinds  of  coke. 
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ResuUa  of  experiments  with  coke  from  Soar  coal  (Heinitz  mines). 
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The  draft  gradually  increased  from  '45  mm.  to  14  mm.  preasure. 

Experiments  1,  2,  3,  4  were  conducted  with  a  low  draft,  the  upper 
layer  of  coke  only  attaining  a  cherry-red  heat.  Analysis  showed  an 
absence  of  oxygen.  No  difficulty  was  found  in  removing  the  slag — 
it  flowed  down  through  the  opening  and  chilled. 

Taking  the  first  four  experiments,  we  get  an  average  of  0*164  kilog. 
carbon  to  the  cub.  metre. 

Experiments  5,  6,  7  give  0*16  kilog.  per  cub.  metre.  During  these 
experiments  the  damper  was  wider  open,  the  draft  considerably  stronger 
ane  the  generator  itself  quite  warm. 

Experiment  8  gives  0*153  kilog.  carbon  per  cub.  metre.  During 
this  experiment  a  pan  of  water  was  placed  before  the  slit,  considerably 
reducing  the  heat  radiated,  and  more  thoroughly  chilling  the  slag. 

Experiment  9  gives  0*1625  kilog.  carbon  per  cub.  metre;  no  water 
used,  but  full  available  draft.  The  generator  was  intensely  hot,  the 
coke  itself  at  a  white  heat. 

The  temperatures  a  and  b  in  flue  are  taken  at  about  2  metres  from 
ach  other. 
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Results  of  a  series  of  experiments  with  coke  from  Bohemian  coal  from, 
the  IMitz  colliery y  near  PUsen, 
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The  draft  was  gradually  increased,  being  regulated  by  the  damper, 
from  Experiments  A  to  E,  that  is,  from  0*86  mm.  to  11*8  mm.  pressure. 
As  can  be  readily  seen,  the  consumption  of  coal  grows  with  it. 

Experiments  G,  H,  J,  K  were  conducted  with  the  original  gen- 
erator. 

Experiments  A,  B  were  conducted  with  a  mixture  of  the  two  kinds 
of  coke. 

It  was  then  found  necessary  to  take  out  the  fire-brick  lining  at 
the  bottom  of  the  generator  opening,  and  for  bricks  tapering  inward 
to  substitute  such  tapering  outward,  on  account  of  the  formation  of 
slag,  which  choked  the  opening. 

Experiment  F  was  conducted  with  the  modified  generator  and 
mixed  coke,  half  of  each. 

Experiments  L,  M  with  '9  of  the  latter  kind,  •!  of  the  former. 

Experiments  C,  D,  E  with  mixed  coke  and  introduction  of  steam. 

Experiments  N,  O,  P  with  a  grate  introduced  in  the  generator  and 
steam ;  Bohemian  coke. 
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The  slightest  leak  in  the  generator  or  flue  showed  an  immediate 
increase  of  carbonic  acid.  In  the  duct  or  flue,  as  the  tables  show,  the 
temperature  fell  from  100  to  150^  from  a  to  6,  a  distance  of  about  2 
metres.  This  indicates  a  very  rapid  cooling  of  the  gases,  and  shows 
the  advisability  of  the  shortest  practicable  duct  to  the  combustion 
chamber. 

A  very  remarkable  result  is  that  when  the  steam  or  vapor  of  water 
was  used,  notwithstanding  the  chilling  of  the  air  supplied  for  carbon- 
ization, the  temperature  of  the  gases  was  hardly  any  lower  than  when 
steam  was  not  used.  It  would  seem  that  the  heat,  partly  radiated 
from  generator  and  flue  and  partly  utilized  in  melting  the  slag,  was 
sufficient  to  decompose  the  water  and  produce  a  gas  richer  in 
hydrogen. 

The  high  temperature  of  the  carbonized  gases  causes  an  increased 
deposit  of  tar  in  the  standpipes  and  hydraulic  mains  of  gas  works, 
and  consequently  when  first  introduced  must  be  closely  watched. 

Pyrometric  measurements  of  the  air  which  was  heated  by  being  led 
around  the  side  of  the  oven  before  being  introduced  into  the  combus- 
tion chamber  show  a  temperature  of  475°C.  in  this  duct.  As  regards 
the  formation  of  slag,  the  mixture  of  the  two  kinds  of  coke  gave  by 
far  the  best  results. 

As  yet  these  generators  have  only  been  introduced  in  one  large  gas 
works  in  this  country  (United  States),  viz.,  the  People's  Gras  Works,  of 
Baltimore,  Md.,  by  their  Chief  Engineer,  Mr.  Dietrich.  A  short . 
description  of  them  was  given  at  the  meeting  of  the  Society  of  Gras 
Lighting,  Dec.  12th,  1878,  and  will  be  found  in  the  American  Journal 
of  Gas  Lighting  of  Jan.  16th,  1879. 

The  above^  experiments  show  widely  varying  results,  depending 
principally  on  the  quality  of  coke  used,  and  consequently  should  be 
repeated  with  our  own  coals. 

As  a  very  considerable  saving  in  fuel  is  claimed  for  this  method  of 
firing,  as  it  considerably  reduces  the  expense  and  increases  the  unifor- 
mity of  firing,  it  would  seem  to  be  to  the  interest  of  some  of  the  larger 
establishments  to  conduct  a  similar  series  of  experiments,  which  would 
give  reliable  data  for  coke  from  American  coals. 
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THEORY  OF  THE  TELEPHONE. 

The  telephone,  which  was  so  easily  explained  in  the  beginning,  is- 
enveloped  in  diificulties,  and  requires  to  be  studied  attentively.  The 
iron  plate  vibrating  under  the  influence  of  the  voice  in  the  transmitter^ 
and  subject  to  the  action  of  the  magnet  in  the  receiver,  was  regarded 
as  indispensable.  We  know  now  that  it  is  possible  to  replace  it  in  the 
receiver  by  non-magnetic  substances,  by  a  plate  of  copper,  of  glass,  of 
wood,  and  even  of  card-board.  It  was  believed  then  that  the  magnet 
exercises  a  particular  action  upon  the  bodies. 

We  have  been  mistaken,  not  in  the  fact,  but  in  its  cause,  and  if  the 
glass,  the  wood,  and  other  substances  not  magnetic  transmit  the  sounds 
it  is  because  the  wood  which  surrounds  and  contains  the  magnet 
receives  the  molecular  vibrations  which  are  there  produced,  and  com- 
municates them  to  the  substances  which  are  applied  to  them. 

To  prove  this  fact,  I  availed  myself  of  a  microphone  as  a  transmitter, 
and  of  a  metronome,  of  which  the  strokes  were  regular  and  uniform 
and  liable  to  little  deviation,  while  you  could  study  the  conditions 
which  gave  more  or  less  intensity  in  the  receiving  telephone. 

It  was  possible  to  sepamte  the  mouth-piece  of  the  telephone  and  the 
diaphragm  of  iron,  and  replace  it  by  a  glass  plate.  If  you  then  applied 
the  ear,  after  having  well  appreciated  the  intensity  of  the  strokes  which 
were  heard,  and  raised  it  little  by  little  to  one  side  only,  keeping  the 
other  side  of  the  telephone  supported,  so  that  the  distance  could  be 
measured,  the  intensity  underneath  diminished  hardly  any,  and  when 
it  was  placed  at  a  right  angle  to  the  side  of  the  instrument,  the  strokes 
had  nearly  the  same  force;  but  when  you  separated  the  wood  a  little, 
the  sound  stopped,  and  it  was  necessary  to  conclude  that  the  case  of  the 
telephone  even  transmitted  vibrations,  for  as  soon  as  the  edge  of  the 
glass  came  to  be  touched  the  strokes  of  the  metronome  were  heard. 

You  hear  equally  well  by  applying  the  ear  to  the  extremity  of  a 
thin  glass  plate  of  twenty-five  centimetres,  the  other  end  of  which 
rested  on  the  side  of  the  telephone.  The  same  experiments  have  been 
made  with  pktes  of  copper,  of  wood,  and  of  card-board,  the  difler- 
ences  in  the  intensity  of  the  sounds  noticed  being  only  due  to  the 
greater  or  less  facility  with  which  bodies  of  different  natures  receive 
and  transmit  vibrations.     With  a  plate  of  iron,  the  strokes  transmitted 
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are  much  stronger,  and  have  a  particular  sound  which  diminishes 
rapidly  in  proportion  as  you  raise  the  plate;  and  it  is  easy  to  under- 
stand that  it' is  the  influence  of  the  magnet  which  is  thus  enfeebled, 
while  the  effect  of  the  molecular  vibrations  of  the  case  keeps  up  and 
causes  it  to  be  heard,  as  in  the  case  of  plates  which  were  not  magnetic. 

It  must  be  inferred,  then,  that  in  a  telephone  receiver  the  iron  dia- 
phragm is  subjected  to  a  double  influence:  that  of  the  magnet  and  the 
case  in  which  in  which  it  is  fixed,  and  as  a  practical  consequence  it  is 
shown  that  in  the  construction  of  a  telephone  the  choice  of  the  case 
and  the  manner  in  which  the  magnet  is  fixed,  are  not  indifferent  matters. 

These  facts  confirm  the  opinion  of  Du  Moncel,  who  attributes  the 
effects  of  the  telephone  to  molecular  vibrations  of  the  magnet,  and  the 
iron  diaphragm  only  strengthens  the  vibrations  and  renders  them  more 
sensible  to  the  ear  in  vibrating  itself.  The  same  causes  act  also  in  the 
transmitting  telephone,  but  in  an  inverse  sense;  that  is  to  say,  the 
molecular  vibrations  excited  in  the  case  are  transmitted  to  the  magnet, 
and  produce  in  the  magnetism  of  the  bar  modifications  which  are  trans- 
ferred by  induction  currents  to  the  coil.  We  may  say,  also,  that  the 
vibrations  of  the  case  are  transmitted  directly  to  the  coil  in  the  pres- 
ence of  a  magnet  producing  the  induction  currents.  This  manner  of 
regarding  it  will  conform  more  to  what  is  known  of  the  origin  of  indi- 
rect currents. 

Whatever  conclusions  may  be  drawn  from  the  facts,  the  following 
can  be  used  in  the  argument :  By  raising  the  mouth-piece,  and  the  iron 
diaphragm  of  the  telephone,  and  holding  it  firmly  in  the  one  hand, 
and  with  the  other  drawing  a  violin  bow  lightly  upon  the  edge,  you 
obtain  a  sharp  sound  that  Can  be  heard  clearly  in  the  receiving  tele- 
phone. A  small  ruler  placed  crosswise  before  the  instrument,  and 
passing  beyond  it  some  centimeters,  produces  a  sound  when  struck  at 
the  end  with  the  bow,  so  that  when  it  is  shortened  the  sounds  are  ele- 
vated and  gave  those  of  an  ascending  gamut,  which  immediately 
came  to  the  ear  at  the  receiver.  What  is  surprising  in  this  experiment 
is  that  the  grave  notes,  which  shake  the  instrument  and  the  hand,  are 
not  heard  in  the  receiver,  while  the  sharp  notes  are  reproduced  there 
easily,  and  the  reason  perhaps  is  because  the  vibrations  from  the  sharp 
sounds  approach  to  the  character  of  molecular  vibrations.  It  is  per- 
haps needless  to  say  that  with  an  iron  diaphragm  these  facts  assume  an 
entirely  different  character.  It  has  already  been  demonstrated  that  the 
strokes  made  on  the  magnet,  the  coil  or  the  case  were  heard  in  tlie 
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receiver.   The  molecular  shock  which  sufficed  for  the  telephone  receiver 
is  too  feeble  to  cause  tlie  transmitter  to  speak.     Besides  it  may  be  said 
that  the  iron  diaghragm,  vibrating  by  speech,  exercises  a  double  influ- 
ence, and  that  to  the  magnetic  effects  in  the  bar  may  be  added  the . 
vibrations  which  it  directly  transmits  to  the  case. 

The  effects  from  the  telephone  are  too  usually  attributed  to  the  sen- 
sible vibrations  of  the  iron  plate  moving  backward  and  forward  from 
the  magnet,  representing  the  well  known  and  habitually  accepted 
action ;  but  the  molecular  vibrations  which  are  performed,  so  to  speak, 
atom  by  atom  in  the  immovable  plate,  play  a  more  important  part,  and 
without  them  articulated  speech  would  be  impossible. 

The  telephone  and,  above  all,  the  microphone  prove  to  us  by  sur- 
prising phenomena  just  how  far  the  division  and  reciprocity  of  forces 
may  go.  But  what  is  still  more  admirable  than  these  new  and  mar- 
velous instruments  is  the  old  and  incomparable  delicacy  of  the  ear, 
which  perceives  and  appreciates,  without  allowing  to  escape  from  it  a 
single  one  of  the  thousands  of  movements  which  loose  themselves  in 
some  manner  in  the  infinitely  little. — Le8  Mondes. 


OARBURETTING  AIR. 


The  cost  required  to  produce  the  electric  light  is  not  easily  obtained, 
but  enough  is  known  at  present  to  condemn  it  as  too  expensive  for 
commercial  use ;  but  the  cost  of  carburetted  air  or  gas  is  indisputably 
confirmed  by  practical  experiment. 

Practical  Test. — Barometer  29*8,  temperature  56°  ;  the  weight  of 
gasoline,  655  grains  to  water,  1000  grains ;  therefore,  one  gallon  of 
gasoline  =  45,850  grains.  The  air  was  simply  aspirated  at  the  rate 
of  6  cubic  feet  per  hour  through  an  ordinary  chemist's  wash  bottle, 
and  each  cubic  foot  took  up  735  grains  illuminating  gas  of  17-10 
candles,  taking  585  grains. 


Grains. 


1000  cubic  feeet  of  air  =  735,000        i/ja       n         ^         r 

1 =  16-0  gallons  of  gasonne  per 

1  gallon  of  gasoline  =     48,850  1000  cubic  feet  of  air. 

1000  cub.  ft.,  17-10  gas,  =  585,000  ^  ^^.^      j,^^  ^^  ^^^^  ^^ 
1  gallon  of  gasoline  =     45,850  1000  cubic  feet  of  gas. 

1000  cubic  feet  of  air,  after  being  carburetted,  =  1320  cubic  feet, 


Digitized  by 


Google 


June,  1879.]  Oarburdting  Air.  405 

and  1000  cubic  feet  of  17*10  gas,  after  being  carburretted,  =  1270 
cubic  feet. 

SpedfiC' Gravity  Test — The  time  required  to  pass  equal  volumes  of 
air,  gas,  carburetted  gas  and  carburretted  air  under  equal  pressure 
through  the  same  aperture  (Shilling's  test),  was :  air,  88  sees. ;  gas,. 
58  sees. ;  carburetted  gas,  90  sees,   corburetted  air,  104  sees, 

88'^ 

90^ 
88^ 


Gas,  _-  =  -434  to  air  1.000. 


Carburetted  gas,  —  =  1.045  to  air  1.000. 


1042  t 

Carburetted  air,    ^     =  1.396  to  air  1.000. 

'     88^ 

Photometric  Test — ^Test  on  Hartley^s  improved  photometer,  15-hole' 
ai^and  burner  (old  standard),  7-in.  by  2-in.  chimney,  consuming  2*04 
cubic  feet  per  hour  of  carburetted  gas,  =  14*59  standard  candles ; 
reduced  to  the  standard  of  5*00  cubic  feet,  =  37*78  standard  candles. 

Also,  with  No.  1  steatite  batwing,  consuming  2^40  cubic  feet  per 
hour,  =  18*63  standard  candles  :  reduced  to  the  standard  of  5*00  cubic 
feet,  =  38*83  standard  candles. 

3*48  cubic  feet  per  hour  of  carburetted  air  consumed,  through  argand 
burner  =  16*52  candles:  reduced  to  the  standard  of  five  cubic  feet,, 
=  23*70  candles. 

Durability  Test — The  durability  of  1*10  cubic  foot  4-inch  flame : 

Min.       .    Sec. 

Gas,  .  .  .  .     5         45 

Carburetted  gas,    .  .  .  16         38 

Carburetted  air,  .  .  .  11         24 

Various  forms  of  machines  were  experimented  on,  viz. :  cylinders^ 
containing  lamp  cotton,  sponge,  felt,  and  wood  carbon.  They  are  all 
useless  and  obstructive,  nor  do  they  yield  so  high  or  regular  a  light  as^. 
air  aspirated  or  exhausted  through  gasoline  and  charged  into  a  gas- 
holder, from  which  it  is  supplied  ready  for  use  at  the  burner  when 
required. — JEngineering. 

[Two  great  objections  still  exist  to  the  use  of  these  machines,  viz.,. 
the  impossibility  of  storing  large  quantities  of  gasoline  without  the 
risk  from  fire  to  property  in  the  neighborhood,  and  secondly,  that  if 
the  pressure  becomes  excessive,  the  flame  from  the  burner  will  be  blown 
out,  and  terrible  explosions,  resulting  in  loss  of  life,  have  followed  in 
consequence.    The  increase  in  the  illuminating  property  of  coal  gas,  as- 
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ordinarily  furnished,  when  passed  through  these  machines,  is  very- 
great,  and  the  flame,  also,  is  not  liable  to  be  blown  out  with  increased 
pressure,  and  a  wide  field  seems  to  be  open  in  this  direction  if  all 
danger  from  fire  in  the  carburetting  of  the  gas  could  be  done  away 
with.] 

UNDERGROUND  TELEGRAPHING. 

Two  systems  have  been  proposed,  each  of  which  has  its  advocates. 
In  one,  known  as  the  Alberger  plan,  tubes  of  glass  are  prepared  of  a 
convenient  length  and  about  one-eighth  of  an  inch  internal  diameter, 
in  which  a  steel  wire  is  introduced.  The  compound  tube  is  then 
inserted  in  an  iron  one,  which  is  placed  in  a  furnace  and  brought  to  a 
welding  heat,  and  then  passed  through  a  set  of  rolls,  reducing  the  iron 
pipe  sufiiciently  to  make  a  solid  mass  of  pipe,  glass  and  coating.  This 
coating  of  iron  not  only  acts  as  a  protector,  but  is  a  shield  and  an 
arrestor  of  the  induced  currents  which  are  so  troublesome  in  telegraph- 
ing on  the  ordinary  lines.  The  wire  being  perfectly  insulated  and 
protected  from  all  outside  influence,  is  capable  of  working  to  a  higher 
capacity,  it  is  claimed,  and  with  less  resistance  than  any  other  known 
system.  To  connect  the  wires,  a  trench  is  dug  of  any  depth  desired 
and  a  battery  attached  to  the  first  piece  of  pipe  and  tested  with  a  gal- 
vanometer, and  so  with  each  one,  the  wire  being  connected  by  the 
ordinary  telegraph  tie.  A  sleeve  somewhat  longer  than  the  pipe,  of 
bell  shape,  is  drawn  over  each  joint  when  connections  are  made.  This 
sleeve  has  an  orifice  in  the  centre,  into  which  is  poured,  in  a  liquid 
state,  an  insulating  fluid  that  fills  the  entrance  of  the  sleeve,  making  a 
joint  impervious  to  moisture  and  perfectly  insulated. 

The  second  system  is  the  invention  of  David  Brooks,  the  well- 
known  electrician,  who  has  long  entertained  the  belief  that  a  plan  of 
underground  telegraphy  could  be  devised  which  would  be  far  superior, 
in  point  of  economy  and  convenience,  to  the  overhead  one,  despite 
many  experiments  in  this  country  and  elsewhere  to  the  contrary,  the 
great  object  being  to  find  something  which  once  placed  in  a  pipe  con- 
taining wires  would  prove  impenetrable  to  moisture,  water  having 
such  effect  upon  underground  lines  that  a  very  little  would  be  sufficient 
to  destroy  all  communication.  After  trying  many  substances,  he  com- 
menced to  experiment  with  oils,  and  his  system  consists  in  placing  the 
wires,  wrapped  in  cotton,  twenty,  thirty  or  more  in  an  iron  pipe  of  the 
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proper  size,  and,  after  it  is  laid,  oil  is  introduced  and  allowed  to  run  its 
entire  length,  the  source  of  supply  being  an  elevated  vessel  always  kept 
full,  so  as  to  keep  a  constant  pressure  on  the  oil  already  there,  such 
pipes  having  been  first  laid  in  Philadelphia.  The  strong  point  in  the 
new  system  is  its  economy,  and  it  is  foiind  in  the  fact  that  any  number 
of  wires  may  be  enclosed,  as  has  been  remarked,  in  a  small  space,  each 
one  being  a  separate  means  of  communication,  while  the  work  of  lay- 
ing them  does  not  involve  much  expense.  Once  in  place,  they  are  free 
from  disturbances  of  all  kinds.  It  is  probable,  therefore,  that  no  more 
pole  lines  will  be  erected  in  cities,  and  our  telephone  wires  over  the 
roofs  of  houses  be  done  away  with. 


NEW  APPLICATION  OF  PAPER. 

A  list  of  the  various  useful  purposes  to  which  paper  or  papier 
TimcM  has  been  applied  during  the  last  few  years  is  remarkable  by 
reason  of  the  great  diversity  which  it  presents.  Besides  ornamental 
articles  of  almost  every  form,  sundry  articles  of  clothing,  bedding, 
istamps,  boxes,  barrels,  picture-frames,  various  articles  of  furniture, 
stove-pipes,  chimney-pots,  bricks,  partition  walls  of  houses,  carriage 
wheels  and  boats  figure  amongst  the  multitude  of  appliances  to 
which  the  inventive  ingenuity  of  manufacturers  has  succeeded  in 
adapting  this  single  substance,  and  almost  every  week  some  new  pro- 
duction is  recorded.  The  last  application  to  which  this  useful  material 
has .  been  put  is  the  result  of  a  peculiarly  ingenius  idea.  Professor 
Oreene,  of  the  Polytechnic  Institute  at  Troy,  has  recently  had  an 
astronomical  observatory  erected,  the  revolving  dome  of  which  is  to 
have  an  internal  diameter  of  twenty-nine  feet.  A  dome  of  this  size, 
constructed  in  the  usual  manner,  would  have  weighed  from  five  to  six 
tons,  and  would,  consequently,  have  necessitated  foundations  of  con- 
siderable depth  for  its  support,  but,  in  addition,  would  have  required 
powerful  and  complicated  machinery  in  order  to  move  it.  While  con- 
sidering these  conditions,  the  idea  struck  the  astronomer  that  the 
substance  which  had  been  already  put  to  such  multifarious  uses  could 
be  made  to  serve  his  purpose  in  a  satisfactory  manner.  He  therefore 
applied  to  a  manufacturer  of  papier  machCy  who,  under  his  direction, 
constructed  a  dome  which  fulfilled  in  every  respect  the  anticipations 
that  had  been  formed.    In  place  of  the  heavy  metal  framework,  such 
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as  is  usually  employed  in  such  structures,  a  light  but  firm  framing  of 
wood  has  been  erected,  and  on  this  the  paper.  By  means  of  a  special 
preparation,  this  substance  has  been  rendered  fully  as  hard  as  the  wood 
afid  even  more  rigid  than  the  latter  substance.  It  has  been  reduced,  by 
subjecting  it  to  enormous  pressure,  to  a  thickness  of  one-sixth  of  an 
inch.  Thus  the  total  weight  of  the  dome,  instead  of  amounting  to  some 
five  or  six  tons,  does  not  exceed  a  ton  and  three-quarters ;  and  being 
mounted  on  pivots  six-eighths  of  an  inch  in  diameter,  working  in  iron 
grooves,  the  whole  is  capable  of  being  revolved  in  any  direction 
required  without  the  assistance  of  any  machine  or  apparatus  of  any 
kind.  We  are  not  informed  what  is  the  difference  of  cost  between 
such  a  construction  and  one  answering  the  same  purpose  made  in  the 
ordinary  way,  but  it  is  probable  that  the  difference  would  be  considera- 
ble, independently  of  the  saving  in  machinery  and  of  the  economy 
which  must  result  from  the  employment  of  a  far  less  solid  foundation 
than  would  have  been  necessary  in  order  to  support  a  dome  of  metal. 
There  is,  therefore,  every  reason  to  believe  that  the  adoption  of  this 
system  presents  wonderful  advantages  from  numerous  points  of  view. 
— VIngenieur  UniverseL 


ELECTRIC  LIGHT  AT  THE  BRITISH  MUSEUM. 


The  experimental  lighting  of  the  reading-room  of  the  British 
Museum  by  means  of  the  electric  light  has  proved  a  great  success. 
This  immense  building,  which  is  surmounted  by  one  of  the  largest 
domes  in  the  world,  was  recently  illuminated  for  several  evenings  by 
Jablochkoff  candles.  Fifteen  out  of  nineteen  reading-desks  with 
which  the  room  is  furnished  were  lighted  by  eleven  candles,  each 
enclosed  in  an  opalized  glass  globe  and  placed  on  a  pedestal  fifteen  feet 
high  fixed  in  the  centre  of  the  d&sk,  a  twelfth  lamp  being  placed  in 
the  centre  of  the  room.  The  effect  was  very  striking,  the  light  being 
sufficiently  bright  to  enable  the  smallest  print  to  be  read,  and  writing, 
tracing,  drawing,  and  even  coloring,  to  be  accomplished  with  ease  and 
comfort  at  each  of  the  desks.  The  source  of  electricity  was  a  20-light 
Gramme  machine,  driven  by  a  Robey  portable  engine  of  16  nominal 
horse-power.  Four  circuits  of  four  lamps  each  were  used,  twelve 
being  placed  in  the  reading-room,  one  in  the  entrance-hall,  one  in  the 
portico  and  two  in  the  machine  and  engine-shed.     On  this  occasion  an 
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improved  form  of  the  electric  candle  was  used  for  the  first  time,  in 
which  the  kaolin  seam  or  dividing  plate  is  replaced  by  a  composition 
which  is  a  feeble  conductor  of  electricity. 

By  this  modification  the  use  of  carbon  priming  for  lighting  and 
relighting  is  dispensed  with,  and  the  necessity  of  relighting  by  hand 
avoided,  and  one  or  several  candles  may  be  lighted  or  extinguished  at 
once  by  simply  turning  the  handle  of  a  suitable  commutator.  More- 
over, if  one  of  the  candles  should  become  extinguished  from  any  acci- 
dental cause,  it  will  immediately  relight  itself  without  affecting  its 
neighbors  in  the  same  circuit.  The  trial  of  the  electric  light  under 
these  conditions  has  given  such  satisfactory  results  that  it  has  been 
decided  to  extend  the  application  of  this  system  of  lighting  to  other 
parts  of  the  building,  so  that  hereafter  the  public  will  be  able  to  visit 
the  British  Museum  in  the  evening — a  privilege  which  has  been  denied 
them  hitherto,  the  trustees  having  been  unwilling  to  expose  that  mag- 
nificent establishment  to  the  risk  which  is  inseparable  from  gas-light- 
ing.— I/Ingenieur  Univerad, 


JAMIN  ELECTRIC   LIGHT. 


The  greatest  possible  simplicity  is  claimed  for  it.  The  two  carbons 
are  kept  parallel  by  two  insulated  copper  tubes,  separated  by  an  inter- 
val of  two  or  three  millimetres,  in  which  they  slide  by  friction  and 
which  serve  at  once  to  direct  them  and  to  guide  the  current.  They  are 
surrounded  by  a  directing  circuit  composed  of  five  or  six  spirals  coiled 
on  a  thin  rectangular  frame,  '40  m.  long  and  '15  m.  broad.  This  circuit, 
traversed  by  the  same  current  as  the  carbons,  and  in  the  same  direc- 
tion, guides  and  fixes  the  electric  arc  at  the  extremity  of  the  points. 

The  lighting  is  effected  automatically.  For  this  purpose  the  two 
extremities  of  the  carbons  are  surrounded  by  a  thin  rubber  band,  which 
keeps  them  close  together.  Between  them,  a  little  above,  a  small  frag- 
ment of  iron  wire  is  introduced,  which  keeps  them  in  close  commimi- 
cation  by  a  single  point.  As  soon  as  the  circuit  is  closed  the  current 
traverses  this  wire,  makes  it  red-hot  and  melts  the  rubber ;  the  two 
carbons  thus  freed  separate,  and  the  arc  is  established.  Carbons  of  any 
size  may  be  employed  up  to  8  mm.  diameter.  At  this  limit  the 
waste  scarcely  exceeds  1*08  m.  per  hour.  The  apparatus  may  be 
suspended  either  with  the  points  upwards  or  directed  towards  the 
Whoub  No.  Vol.  CVIL— (Thibd  Sekiks,  Vol.  Ixxvii.)  29 
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ground.  For  several  reasons  the  latter  is  preferable.  With  its  points 
downwards,  Jamin  claims  for  the  light  the  following  advantages : 
1.  That  of  simplicity,  since  it  requires  no  mechanism  and  no  prelimi- 
nary preparation ;  all  is  reduced  to  a  support  and  to  carbons.  2.  That 
of  mechanical  economy,  since  it  succeeds  in  almost  doubling  the  num- 
ber of  lights.  3.  Increase  of  illumination,  since  each  of  the  new  lights 
is  nearly  twice  as  powerful  as  the  old.  ^4.  Quality  of  light,  which  is 
more  whitfe.  5.  A  more  advantageous  arrangement  of  the  poles,  which 
throw  their  greatest  amount  of  light  downwards,  where  it  is  required, 
instead  of  losing  it  towards  the  sky,  where  it  is  useless.  6.  Economy 
of  the  combustible  material,  since  the  waste  is  less  in  proportion  to  the 
size  of  the  carbons. — Nature, 


Colored  Pencils. — L.  von  Faber  makes  pencils  for  writing  upon 
glass,  porcelain,  metal,  etc.,  as  follows — Black:  ten  parts  of  lamp 
black,  forty  parts  white  wax,  ten  parts  tallow.  White :  forty  parts 
white  lead,  twenty  parts  wax,  ten  parts  tallow.  Blue :  ten  parts  Ber- 
lin blue,  twenty  parts  wax,  ten  parts  tallow.  Dark  blue :  fifteen  parts 
Berlin  blue,  five  parts  gum  arabic,  ten  parts  tallow.  Yellow:  ten 
parts  chrome  yellow,  twenty  parts  wax,  ten  parts  tallow. — Dingier* s 
Journal,  C. 

Astronomical  Museum. — Admiral  Mouchey  proposes  to  form  an 
astronomical  museum  in  the  Paris  Observatory.  It  is  to  contain : 
1.  A  collection  of  the  portraits  of  the  astronomers  and  learned  men  who 
have  distinguished  the  observatory  since  its  foundation.  2.  A  collec- 
tion of  medals  relative  to  the  history  of  astronomy  and  of  the  observa- 
tory. 3.  A  collection  of  designs,  engravings  and  photographs  repre- 
senting celestial  bodies  and  astronomical  phenomena.  Many  of  these 
documents,  such  as  Cassini^s  beautiful  collection  of  drawings  of  the 
moon,  have  been  almost  forgotten  and  are  now  inaccessible  to  many 
astronomers  who  woi^ld  feel  a  great  interest  in  consulting  them.  4.  A ' 
collection  as  complete  and  methodical  as  possible  of  old  astronomical 
and  physical  instruments,  and  of  everything  which  can  be  found  in 
connection  with  the  base  of  the  metric  system.  5.  Reduced  models  of 
instruments  which  are  now  in  use  in  foreign  observatories,  and  of 
special  arrangements  in  those  observatories  which  appear  to  be  useful. 
— La  Nature,  C. 
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Estimation  of  Manganese,  especially  in  its  Alloys  with 
Iron. — By  F.  Kessler. — The  author  gives  details  of  imjH'ovementd  on 
a  process  published  by  him  in  the  Zeitschr,,  II.,  255  ;  the  original  was 
available  to  determine  manganese  up  to  thirteen  per  cent.,  but  as  the  per- 
centage of  manganese  may  now  reach  ninety,  a  modification  became 
requisite. 

The  solution  of  iron  and  manganese  as  chlorides  is  slightly  over-sat- 
urated with  sodium  carbonate  solution  (100  grammes  of  crytals  to  the 
litre),  and  hydrochloric  acid  (1*01  sp.  gr.)  is  then  added  until  the  solu- 
tion just  clears.  Both  these  liquids  are  best  run  in  gradually  from 
burettes.  After  diluting,  sodium  sulphate  solution  (100  grammes  of 
crystals  to  the  litre)  is  added  to  the  cold  solution  in  the  proportion  of 
15  c.  c.  for  each  gramme  of  iron  ;  and  the  whole,  after  being  made  up 
to  a  known  volume,  is  filtered  uninterruptedly  through  a  dry  filter. 
Mere  traces  of  iron  remain  in  solution  and  do  not  interfere  with 
the  titration  of  the  manganese.  From  50  to  150  c.  c.  of  this  fil- 
trate, which  must  not  contain  more  than  1  decigramme  of  manganese 
(as  previously  determined  by  the  estimation  of  the  iron),  are  then  added 
to  a  mixture  of  100  c.  c.  of  saturated  bromine  water  with  20  c.  c.  of 
sodium  acetate  solution  (500  grammes  of  crystals  to  the  litre),  and  50 
c.  c.  of  zinc  chloride  solution  (200  grammes  of  zinc  to  the  litre).  The 
solution  containing  manganese  should  be  added  in  five  nearly  equal 
portions  at  intervals  of  a  quarter  of  an  hour.  Then  20  c.  c.  more  of 
the  above  sodium  acetate  solution  are  added,  and  the  whole  boiled  until 
the  smell  and  color  of  bromine  have  vanished.  The  precipitate  is  then 
rinsed  out  into  a  filter,  washed  with  dilute  sodium  acetate  solution  (one- 
fiftieth  the  strength  given  above),  and  the  precipitate  and  filter  returned 
to  the  precipitation  flask.  The  object  of  precipitating  the  manganese 
in  the  presence  of  zinc  chloride  is  to  prevent  the  formation  of  lower  or 
higher  oxygen  compounds  of  mangenese. 

A  solution  of  antimonious  chloride  (15  grammes  of  antimonious 
oxide  dissolved  in  300  c.  c.  of  hydrochloric  acid  to  the  litre)  is  then 
added  to  the  precipitate  in  the  flask ;  it  is  added  5  c.  c.  at  a  time  until, 
after  being  well  shaken  with  the  precipitate,  the  latter  is  no  longer 
black,  but  brown;  25  c.  c.  of  hydrochloric  acid  ('1*19  sp.  gr.)  are  then 
added,  as  soon  as  the  precipitate  is  completely  dissolved,  the  whole  is 
rinsed  with  200  c.  c.  of  water  into  a  beaker  and  titrated  with  standard 
permanganate.  In  this  titration  the  action  of  antimonious  chloride  on 
the  permanganate  is  very  rapid,  and  a  color  permanent  for  six  seconds 


Digitized  by 


Google 


412  Edimation  of  Manganese,  [Jour.  Frank.  Inst^ 

indicates  the  end  of  the  reaction,  even  though  it  may  subsequently  dis- 
appear, from  the  action  of  the  hydrochloric  acid  on  the  permanganate. 
The  solution  before  titration  may  be  green  or  yellow  from  the  presence 
of  nickel,  copper,  cobalt  or  iron ;  of  these  cobalt  alone  makes  the  deter- 
mination too  high  by  one-half  the  amount  of  cobalt  present. 

The  author  recommends  the  use  of  carefully  prepared  pure  mangan- 
ese pyrophosphate  for  ascei*taining  the  strength  of  permanganate  solu- 
tion. The  salt  is  prepared  by  dissolving  in  water  40  grammes  of 
crystallized  manganese  sulphate,  and  60  grammes  of  crystallized  sodium 
phosphate ;  mixing  the  solutions,  adding  hydrochloric  acid  until  clear ; 
then  excess  of  ammonia,  again  clearing  with  the  acid,  filtering,  diluting 
to  a  litre,  and  precipitating  with  ammonia.  The  precipitate  is  washed 
by  decantation  until  it  no  longer  gives  the  chlorine  reaction,  and 
then  dissolved  in  dilute  nitric  acid,  with  addition  of  a  little  sulphurous 
acid  to  reduce  manganese  sesquioxide ;  ammonia  is  added  in  excess, 
then  nitric  acid  until  clear,  and  finally  excess  of  ammonia,  the  precip- 
itate being  washed  to  the  same  extent  as  before.  This  precipitate  on 
ignition  gives  the  pyrophosphate,  a  portion  of  which  is  weighed  oif 
after  having  been  recently  ignited,  dissolved  in  hydrochloric  acid, 
evaporated  over  the  water-bath,  and  the  water-solution  of  the  residue 
is  titrated  with  permanganate  as  directed  above.  The  permanganate 
solution  is  made  by  dissolving  the  purest  salt  obtainable,  letting  the 
solution  become  perfectly  clear  by  long  standing,  and  then  decanting ; 
it  remains  unchanged  for  many  months  in  the  dark.  Only  one  speci- 
men of  steel — East  Indian  wootz-steel — was  found  to  be  free  from 
manganese. — Jour.  Chem,  8oc, 

Fatinage  of  Locomotives. — Sig.  P.  Oppizzi  finds  that  the  dimin- 
utions of  resistance  which  are  not  followed  by  an  equal  reduction  in 
the  motive  force  produce  an  acceleration  in  the  rotative  movement  of 
the  wheels,  which  cannot  be  wholly  transformed  into  an  acceleration  of 
the  locomotive,  and  therefore  causes  slipping.  He  has  given  some 
experimental  formulae  which,  although  not  so  complete  as  desirable, 
show  the  importance  of  a  more  careful  regard  to  the  relation  between 
the  motive  force  and  the  adhesion  of  the  wheels.  This  relation  has 
been  too  much  overlooked  by  engineers,  who  have  sought  to  give 
increased  pressure  to  the  steam,  and  to  work  it  under  too  great 
expansion  in  order  to  obtain  some  ideal  economical  advantage. — IC 
Politecnico,  C. 
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Vessels  of  Steel. — ^Before  the  various  recently  discovered  methods 
•of  manufacturing  steel  at  a  low  cost  were  put  into  operation,  it  was 
thought  that  if  the  price  of  steel  could  only  be  reduced  it  would  drive 
iron  almost  out  of  use.  In  a  certain  way  this  opinion  has  been  con- 
firmed, for  steel  is  now  put  to  services  into  which  it  never  entered  when 
the  expense  of  its  production  was  higher ;  but  now  that  the  constructor 
has  it  at  his  option  to  use  either  iron  or  steel,  the  merits  of  the  latter 
for  several  classes  of  work  are  accepted  less  freely  than  they  once  were. 
Until  within  a  short  time  it  has  been  claimed  that  apart  from  cost,  a 
«teel  ship  would  be  in  every  way  superior  to  an  iron  vessel,  for  as  the 
:same  strength  could  be  obtained  with  thinner  plates  and  lighter  frame, 
the  hull  would  be  more  buoyant,  while  the  enduring  qualities  of  steel 
were  known  to  be  greater  under  ordinary  conditions  than  those  of  iron, 
as  in  the  case  of  rails.  But  although  the  change  in  the  latter  has  been 
•quite  universal  when  the  traffic  has  been  sufficient  to  warrant  it,  the 
«xtra  cost  being  quite  balanced  by  their  superior  wear,  within  a  year 
•or  two  practical  experimente  have  been  made  which  prove  in  shipbuild- 
ing at  least  it  would  not  be  an  unalloyed  improvement.  In  the  first 
place,  it  is  found  that  there  is  a  much  greater  diversity  in  the  tensile 
cstrength  of  different  steel  plates  than  of  iron  ones,  and  hence  the  parts 
of  a  vessel  might  vary  considerably  in  this  respect.  But  the  most 
important  defect  is  found  in  the  rapid  corrosion  of  steel  in  salt  water, 
and  few  shipbuilders,  in  receiving  steel  plates,  could  tell  whether  the 
metal  was  comparatively  pure  or  not.  Of  course  the  thinner  the  plates 
the  sooner  the  corrosion  would  be  apparent,  and  no  coating  is  known 
that  would  entirely  prevent  this,  and  yet  in  such  collisions  as  the  case 
-of  the  "  Vanguard  '^  with  the  great  German  iron-clad,  one  might  well 
wish  for  lighter  and  stronger  vessels,  such  as  steel  ones  would  undoubt- 
edly be.  In  the  rapid  development  of  the  British  navy  a  feature  seems 
to  be  the  employment  of  steel  in  the  construction  of  ships  of  all  sizes. 
Deck-plating  is  now  made  of  it  in  all  instances,  as  well  as  the  ribs  and 
beams.  Steel  is  also  making  its  appearance  in  the  form  of  armor,  iron 
plates  faced  with  it  having  been  lately  adopted  in  the  turrets  of  the 
"  Inflexible,"  which  the  English  hope  may  indeed  carry  out  its  name, 
thereby  reducing  the  thickness  of  the  plates  from  18  to  16  inches,  which 
•diminishes  the  weight  by  many  tons  ;  but  wonderful  as  are  the  English 
vessels  for  size  and  power,  in  the  matter  of  guns  to  be  used  on  them 
the  Italians  lead,  and  poor  as  that  nation  is,  they  still  have  the  ambi- 
tion to  build  their  ships  with  armor  which,  like  their  guns,  shall  exceed 
the  English  nation. 


Digitized  by 


Google 


414  Manc^8  Hetiogi^aph,  [Jour.  Frank.  Inst., 

Mance's  Heliograph. — Devices  for  signaling,  in  many  respects 
similar  to  the  heliograph,  have  been  in  use  for 'a  very  long  period  of 
time.     We  have  a  record  of  the  employment  of  polished  metal  surfaces 
to  flash  the  rays  of  the  sun,  and  thus  give  warnings  of  one  kind  or 
another,  which  dates  back  as  far  as  the  Persian  invasion  of  Greece^ 
Immediately  after  the  battle  of  Marathon,  the  defeated  Persians  were 
signaled  by  some  one  on  the  mountains  near  Athens,  by  means  of 
reflected  rays  of  the  sun  upon  the  polished  surface  of  a  shield,  that  the 
city  would  be  put  into  their  possession  if  they  came  there  immediately 
with  their  fleet.     Fortunately,  in  this  instance,  the  signaling  was  seen 
by  both  sides,  and  the  ready  interpretation  of  it  by  the  Greeks,  and 
their  speedy  return  to  Athens,  saved  the  city  from  falling  into  the 
hands  of  the  enemy.   In  this  case,  the  signaling  must  have  been  carried 
on  over  a  space  of  about  eighteen  miles,  and,  with  the  rude  appliances 
used  from  that  time  down  to  a  very  recent  period,  this  was  about  as  far 
as  the  system  could  be  depended  upon  to  work.     But  the  instrument 
now  in  use,  the  Mance  heliograph,  is  a  great  improvement,  on  the  old 
methods,  for  not  only  does  it  concentrate  the  sun^s  rays,  but  it  flashes 
them  with  the  utmost  precision  to  any  required  spot,  irrespective  of  the 
relative  location  of  the  sun.     It  is,  moreover,  provided  with  a  finger- 
key,  so  that  flashes  may  be  made  of  long  or  short  duration,  in  this  way 
permitting  the  employment  of  the  Morse  telegraphic  alphabet.    Under 
favorable   conditions,  intercourse   has   been   carried  on  through   the 
medium  of  two  of  these  instruments  over  an  intermediate  distance  of 
nearly  one  himdred  miles;  and  at  several  points  occupied  by  the  Eng- 
lish army  in  Afghanistan,  regular  communication  is  maintained  at 
distances  of  not  less  than  fifty  miles  by  heliographic  signals.     The 
instrument  is  admirably  adapted  for  war  service,  as  it  weighs  only 
about  seven  pounds,  and  can,  without  difficulty,  be  carried  and  worked 
by  one  man.     Of  coirn^e,  in  cloudy  weather  it  is  wholly  useless,  and 
for  this  reason  can  never  entirely  take  the  place  of  flags  or  field  tele- 
graphs; yet  there  are  so  many  days  in  a  year  in  which  it  can  be  used 
that  it  will  be  strange  if  it  is  not  made  use  of  in  various  parts  of  the 
world,  for  commercial  as  well  as  military  purposes.     It  has  already 
been  proposed  to  establish  a  systematic  telegraphic  communication 
between  various  islands  in  the  West  Indies  by  the  heliographic  process; 
and  we  venture  to  think  that  before  long  it  will  be  adopted  as  a  means, 
of  signaling  between  vessels  when  at  sea. 
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Organic  Resistance  to  a  Boiling  Temperature.—^^*  Cham- 
berland  has  found  a  microscopic  organism  which  lives  in  nearly  all  liquid 
solutions  of  organic  matter,  provided  that  they  have  been  previously 
neutralized  by  a  solution  of  potash.  It  produces  germs  or  spores  which, 
when  placed  in  neutral  media,  resist  a  boiling  temperature  for  several 
hours.  A  temperature  of  about  115°  (239°  Fahr.)  kills  them  very 
rapidly. — Comptes  Rendus.  C. 

Distribution  of  Heat  on  the  Sun's  Surface. — Messieurs  L. 
Cruis  and  J.  O.  LaCaille  have  made  a  series  of  observations  upon  the 
superficial  heat  of  the  sun  at  the  imperial  observatory  of  Rio  Janeiro. 
The  radiations  from  the  northern  hemisphere  are  more  intense  than 
those  from  the  southern  in  ratios  varying  from  1*2  to  1*4,  the  mean 
radiation  of  the  southern  hemisphere  being  only  three-fourths  as  great 
as  that  from  the  northern.  The  greatest  radiation  is  only  '56  as  great 
as  it  would  be  if  there  were  no  atmosphere;  the  total  radiation  is  only 
•22  as  great;  in  other  words,  there  is  an  atmospheric  absorption  of  '78. 
The  observations  completely  confirm  the  general  results  which  were 
obtained  by  Father  Secchi,  while  they  present  some  divergencies  in  the 
absolute  values  of  the  radiations. — Comptes  Rendm.  C. 

Starch-like  Granules  in  Eggs.— In  1866  M.  C.  d'Areste 
found  some  granules  in  the  yolks  of  eggs  which  presented  many  char- 
acteristics of  starch.  Their  existence  was  at  first  contested,  but  after- 
wards admitted,  and  various  attempts  were  made  to  account  for  them. 
He  has  lately  continued  his  investigations,  and  finds  that  the  granules 
are  insoluble  in  alcohol,  ether,  or  any  of  the  other  common  solvents  of 
fatty  matters.  They  are  colored  blue  under  the  influence  of  any  solu- 
tion of  iodine.  Sulphuric  acid  decomposes  them ;  but  acetic  acid  does 
not  affect  them.  The  largest  grains  swell  under  the  influence  of  potash 
or  soda,  and  resume  their  primitive  volume  when  placed  in  alcohol. 
When  their  form  is  very  regular  they  act  upon  polarized  light  like 
grains  of  starch.  They  may  be  separated  from  the  yolk  by  first  hard- 
ening it  in  water  of  75  or  80°  (157  to  176°F.)  so  that  the  globules  of 
the  yolk  are  transformed  into  hexaedral  prisms.  These  globules  are 
first  treated  by  ether,  which  dissolves  the  oil  and  a  portion  of  the  fatty 
matters,  and  then  by  absolute  alcohol,  which  removes  the  rest  of  the 
fatty  materials  and  constracts  the  albuminous  substances,  producing 
partial  ruptures,  from  which  the  starchy  globules  escape. — Comptes 
Rendus,  C. 
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International  Ganal. — ^The  project  of  a  canal  between  the  Rhine 
and  the  Maas  seems  likely  to  be  soon  carried  into  execution.  The  city 
of  Crefeld  has  already  announced  its  readiness  to  appropriate  500,000 
marks  ($125,000)  for  the  purpose,  and  it  is  thought  that  the  German 
and  Dutch  governments  will  contribute  the  residue. — Foriach,  dei*  ZeiL 

C. 

Another  New  Metal. — ^The  services  the  spectroscope  is  capable 
of  rendering  to  science  become  more  and  more  evident  daily,  the  latest 
proof  of  the  fact  being  the  discovery  of  a  new  metal  called  scandium. 
In  some  of  the  mines  in  Sweden  and  Norway  small  quantities  of  earthy 
minerals  are  found  called  gadolinite  and  euxenite,  composed  of  oxides 
of  very  rare  metals.     The  bulk  of  the  substance  is  of  a  rose-color, 
arising  from  the  presence  of  erbium,  and  is  called  erbine.     At  first  it 
was  supposed  to  be  simply  mixed  with  some  earthy  substances  which 
rendered  it  impure,  but  not  long  ago   M.  Marignac  discovered  the 
presence  of  another  metallic  substance,  which  he  called  ytterbine,  the 
oxide  of  ytterbium.  However,  great  uncertainty  existed  as  to  the  com- 
position of  these  bodies,  and  M.  Nilsen  undertook  a  series  of  experi- 
ments on  the  subject  M.  Berthelot,  at  the  last  meeting  of  the  Academy 
of  Sciences,  gave  an  account  of  what  had  been  done  so  far,  the  result 
being  the  discovery  of  a  new  metal,  to  which  M.  Nilsen  has  given  the 
name  of  scandium,  to  indicate  that  it  is  of  Scandinavian  origin,  Erbine 
is,  as  before   mentioned,  of  a  brilliant  rose-color,  while  ytterbine  is 
white.     But  the  separation  of  the  two  substances  can  only  be  effected 
with  extreme  difficulty.     The  earth  has  to  be  dissolved  in  boiling 
nitric  acid,  and  the  ytterbine  then  precipitated  by  sulphuric  acid  ;   and 
M.  Nilson  found  that  the  operation,  repeated  more  than  20  times,  did 
not  completely  separate  the  two  bodies.     When  he  had  obtained  a 
comparatively  pure  ytterbine  he  commenced  an  examination  of  it,  and 
then  he  found  that  it  gave  absorption  bands  in  the  spectrum  unknown 
to  any  substance  previously  examined.  After  repeated  trials  he  became 
convinced  that  he  was  dealing  with  a  metal  never  before  suspected,  and 
he  continued  his  researches.     He  is  unable  to  say  at  present  what  may 
be  the  chemical  properties  of  the  new  body,  as  the  quantity  of  material 
at  his  disposal  was  insufficient  to  allow  him  to  isolate  the  metal.     Nor 
can  he  decide  as  yet  as  to  the  place  the  new  metal  is  to  take  among  the 
older  ones,  but  he  considers  that  its  properties  differ  materially  from  those 
of  erbium  and  ytterbium,  and  that  it  should  rank  between  tin  and  tho- 
rium, as  the  atomic  weights  of  these  two  are  118  and  234,  while  he 
calculates  that  of  scandium  at  from  160  to  180. 
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Reversal  of  Motion  Without  Gears  or  Belts.— In  1853,  MM. 
Claparade,  Roux  and  Delille  attempted  to  produce  opposite  revolutions 
in  two  parallel  arbors  by  means  of  a  Watts  parallelogram,  but  these 
experiments  were  not  satisfactory.  Charles  Bourdon  has  lately  intro- 
duced a  contrivance  which  is  based  upon  the  two  following  theorems : 
1.  If  two  cranks,  of  any  length  and  initial  position,  turn  with  the 
same  angular  velocity,  the  point  which  divides  the  line  of  variable 
length,  which  joins  their  extremeties  at  each  instant,  describes  a  straight 
line  parallel  to  the  bisectrix  of  the  angle  of  the  two  cranks.  2.  When 
the  two  cranks  are  equal,  the  projection  of  the  joining  line  on  the  bisec- 
trix preserves  a  constant  length.  By  means  of  an  ordinary  slide,  M. 
Bourdon  compels  the  middle  of  the  system  to  take  a  rectilinear  move- 
ment. Then,  by  means  of  two  reciprocating  Peaucellier  cells,  or  even 
without  the  use  of  cells,  if  one  extremity  of  the  crank  is  allowed  a 
slight  play,  two  arbors  may  be  easily  connected  so  as  to  turn  in  oppo- 
site directions  and  to  avoid  any  dead  point. — BtM.  de  la  Soc.  d^Encour. 

C. 

Prime  Meridian. — The  ancient  geographers  knew  nothing  west 
of  the  Fortunate  or  Canary  Islands.  Ptolemy  started  from  that  point 
to  estimate  longitude,  going  eastward  to  the  extremity  of  the  coun- 
tries which  were  then  known.  According  to  his  geography,  Paris 
would  have  had  a  longitude  of  about  23J°.  In  1682  the  French 
geographers  generally  estimated  the  longitude  at  20°,  but  some  writers 
fixed  upon  23^°,  22J°  and  20J°.  England  subsequently  adopted  the 
meridian  of  St.  Paul,  in  London,  and  afterwards  Greenwich.  France, 
in  1789,  adopted  the  meridian  of  Paris.  These  examples  have  been 
followed  by  Holland,  Spain,  Portugal,  Russia,  United  States,  Chili 
and  Brazil,  each  country  adopting  either  its  own  capital  or  its  principal 
observatory  as  the  zero  point  of  longitude.  In  order  to  remedy  the 
confusion  arising  from  these  various  meridians,  M.  de  Chancourtois 
proposes  to  take  the  meridian  of  St.  Michel,  in  the  Azores,  which 
agrees  closely  with  that  of  Ptolemy  and  that  of  Mercsitor,  and  which 
seems  to  have  other  advantages,  because  it  passes  entirely  through  the 
ocean  for  one-half  of  its  extent,  and  on  the  other  half  it  only  cuts  the 
■eastern  extremity  of  Asia,  thus  separating  pretty  exactly  the  old  and 
the  new  worlds.  Bouthillier  de  Beaumont  and  E.  Corlanbert  propose 
an  initial  meridian  ten  degrees  east  of  Paris,  and  that  Italy  and  the 
United  States  should  cede  to  the  Republic  of  Science  neutral  stations 
for  observatories  upon  that  meridian. — La  Nature,  C. 
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Physical  Modifications  of  Starch.  — M.  F.  Musculus  find* 
that  starchy  matter  may  exist  both  in  the  colloid  and  in  the  crystalloid 
state.  When  colloid,  it  is  soluble  in  water,  saccharifiable  by  diastasie 
ferments,  and  diluted  in  boiling  mineral  acids,  but  it  easily  undergoes 
modifications  which  render  it  insoluble  even  in  boiling  water  and 
unaffected  by  ferments  and  acids.  Iodine  gives  it  a  blue  color,  while 
it  colors  the  insoluble  form  red  or  yellow.  In  the  crystalloid  con- 
dition it  can  be  obtained  under  the  form  of  isolated  crystals,  which 
are  easily  dissolved  in  cold  water;  these  crystals  rapidly  unite  and  then 
become  less  soluble.  The  crystalloid  starch  then  undergoes  the  same 
modifications  as  the  colloid ;  it  remains,  however,  always  soluble  in 
water  at  a  temperature  of  50  or  60°  (122  to  140°F.),  and  saocharifiiable 
by  ferments  and  acids.  In  isolated  crystals  it  is  not  colored  by  iodine; 
in  thin  solutions  it  takes  a  red  color ;  in  concentrated  solution  a  violet 
or  blue  color,  according 'to  the  degree  of  concentration.  It  passes 
through  parchment  paper,  although  with  difficulty. — Compfes  Reiidvs. 

C. 

Improvements  in  Coating  Mirrors. — The  French  Academy 
has  awarded  a  prize  of  2500  franco  to  M.  Lenoir  for  improvements 
which  secure  to  mirrors  all  the  advantages  of  silvering,  together  Avith 
the  qualities  of  amalgamation  under  conditions  which  preserve  work- 
men from  exposure  to  mercurial  vapor.  The  glass,  after  being  silvered 
by  means  of  tartaric  acid  and  ammoniacal  nitrate  of  silver,  is  exposed 
to  the  action  of  a  weak  solution  of  double  cyanide  of  mercury  and 
potassium ;  there  is  thus  formed  a  white  and  brilliant  silver  amalgam 
which  adheres  strongly  to  the  glass.  The  operation  is  facilitated,  and 
all  the  materials  are  economized,  by  sprinkling  the  glass  at  the  moment 
when  it  is  covered  by  the  mercurial  solution,  with  a  very  fine  zinc 
powder,  which  precipitates  the  mercury  and  regulates  the  amalgama- 
tion. Mirrors  which  are  thus  prepared  are  free  from  the  yellowish 
tint  of  ordinary  silvered  glass,  and  the  amalgam  is  not  easily  affected 
by  sulphurous  emanations.  The  committee,  in  their  report,  also  recount 
M.  Lenoir's  improvements  in  galvano-plastic  processes,  his  discovery 
of  an  autographic  telegraph,  which  reproduces  writings  or  drawings 
with  printer's  ink,  his  new  and  ingenious  methods  for  securing  the 
synchronism  of  the  transmitter  and  the  receiver,  and  the  well-merited 
reputation  which  he  has  acquired  from  his  gas  motor.  —  Compter 
Rendus.  C. 
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Pre-Mstoric  Flax. — Prof.  Heer  has  found  that  the  flax  which 
was  cultivated  by  the  inhabitants  of  the  lake  dwellings  is  of  a  differ- 
ent species  from  that  which  is  now  raised.  It  had  smaller  seeds  and 
sent  numerous  stalks  from  the  groimd,  while  the  variety  which  is  now 
cultivated  has  only  a  single  stem. — Forisch,  der  Zeit,  C. 

Weax  of  Materials. — M.  Lavoinne  commends  the  St.  Louis  exper- 
iments which  are  described  in  the  Mayor's  message  for  1878.  Although 
they  are  too  few  to  furnish  practical  results  of  great  value,  the  princi- 
ple is  good  and  the  mode  of  experimenting  is  so  easy  that  it  is  desira- 
ble to  use  similar  apparatus  elsewhere  for  similar  researches. — Ann,  de» 
JPonta,  et  Chauss,  C. 

Parchment  Cotton. — Imitation  woolen  fabrics  are  manufactured 
in  England  from  cotton  which  has  been  subjected  to  a  process  similar 
to  the  one  which  is  employed  in  making  parchment  paper.  The 
cotton  is  exposed  for  24  hours  in  a  mixture  of  one  part  of  concen- 
trated sulphuric  acid,  one  part  glycerine  and  three  parts  water,  which 
is  kept  at  a  temperature  of  17°C.  (63'5°F.)  The  cotton  is  then  pressed 
between  glass  rolls  and  washed  until  litmus  paper  shows  no  trace  of 
acid. — Indust,  Blatt,  C. 

Prize  to  Alexander  Agassiz. — The  Sevres  prize  of  the  French 
Academy  has  been  awarded  to  Alexander  Agassiz  for  his  numerous  and 
extensive  researches  in  general  embryology.  The  committee,  in  their 
report,  state  that  these  researches. extend  over  a  period  of  fifteen  years, 
and  that  the  results  are  noteworthy,  not  only  for  their  scientific  import- 
ance, but  also  for  the  persevering  efforts  which  have  led  to  them.  They 
display  great  vigor  in  the  observations,  abundant  sagacity  in  the  com- 
parisons, dignity  and  wise  reserve  in  the  inductions. — Comptes  Rendua. 

C. 

Temporary  Magnetism  of  Nickel  and  Cobalt. — Henri  Bec- 
querel  has  been  pursuing  an  extensive  series  of  experiments  upon  the 
temporary  magnetism  developed  in  various  specimens  of  nickel  and 
cobalt  as  compared  with  that  of  iron.  He  finds  that  when  bars  of  nickel, 
which  are  chemically  pure,  are  employed,  they  give  results  very  similar 
to  those  of  soft  iron.  One  very  remarkable  bar  of  nickel,  which  was 
probably  porous,  appeared  to  be  a  little  more  magnetic  than  iron.  He 
found  very  little  difference  between  the  nickel  and  the  cobalt.  He  pro- 
poses to  follow  these  experiments  by  a  special  investigation  of  the  per- 
manent magnetism  of  the  three  metals. —  Comptes  Rendus,  C. 
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New  Material  fbr  Vases.  ^— The  weight  and  brittleness  of  terra 
•cotta  are  great  objections  to  its  use  in  household  utensils  and  orna- 
ments. To  avoid  these  objections,  Messrs.  David  &  Co.  employ  cotton 
pulp  covered  with  a  special  composition,  which  contains  a  soluble  var- 
nish. Articles  which  are  made  with  thfe  material  are  very  light  and 
very  strong. — La  Gaceta  Industrial.  C. 

African  Travels. — Serpa  Pinto  has  traversed  the  Zambese  from 
the  west  to  the  east.  The  Lisbon  Geographical  Society  has  lately 
received  the  following  despatch  from  him :  ^^  I  am  within  six  days 
of  the  Indian  Ocean,  on  the  eve  of  terminating  my  tour  across  Africa 
from  the  west  coast.  I  have  striven  against  hunger  and  thirst,  wild 
l^easts,  savages,  immdations  and  drought ;  I  have  happily  surmounted 
all  these  obstacles.  Works  saved :  twenty  geographical  charts,  three 
volumes  of  important  co-ordinates,  meteorological  studies,  three  volumes 
of  drawings,  a  voluminotis  journal.  I  have  lost  many  of  my  men. 
•Complete  study  of  the  upper  Zambese;  seventy-two  cataracts  and  rapids. 
Plan  of  the  cataracts.  Natives  ferocious;  constant  wars.^' — Oomptes 
Rendus.  C. 

Ethiopian  Honey. — In  subterannean  cavities,  in  Ethiopia,  a  honey 
IS  found  which  is  made  without  wax  by  an  insect  resembling  a  great 
mosquito ;  the  natives  call  it  tazma.  M.  A.  Villiers  gives  the  follow- 
ing analysis : 

Water,         .....  25*5 

Levulose  and  glucose,  .  .  32* 

Mannite,  ....  3* 

Dextrine,  ....  27-9 

Ash,  .  .  .  .  .2-5 

Impurities  and  loss,      .  .  .  9*1 


100-0 
There  is  a  small  proportion  of  a  bitter  principle  which  has  not  been 
isolated,  but  which  is  not  nitrogenous.  The  composition  of  this  honey 
is  similar  to  that  of  the  mannas  of  Sinai  and  Kurdistan,  which  were  for- 
merly analyzed  by  M.  Berthelot,  that  of  the  sugary  matter  in  the  leaves  of 
the  linden,  analyzed  by  M.  Boussengault,  as  well  as  that  of  ordinan' 
honey.  It  differs  from  all  these  substances  in  the  absence  of  cane 
sugar. — Comptes  Rendus.  C. 
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Proposed  Artesian  Well  in  Madrid.— Proposals  have  been 
issued  for  the  speedy  boring  of  an  artesian  well  in  the  Spanish  capital 
of  sufficient  capacity  to  give  a  minimum  supply  of  50  litres  (11  galls.) 
of  water  per  second.  It  is  believed  that  this  supply  will  be  reached  at 
a  depth  of  not  over  400  metres  (437*4S  yards).  Many  of  the  nobles 
and  capitalists  are  much  interested  in  the  project,  and  it  is  thought  that 
a  company  will  soon  be  organized  for  carrying  it  into  execution. — La 
Oaceta  Indust.  C. 

Photographic  Rifle. — M.  Marey  having  expressed  a  wish  for  the 
invention  of  a  photographic  rifle  which  could  take  instantaneous  views- 
of  birds  in  their  flight,  Capt.  Eugene  Vassel  proposes  a  small  dark 
rifle  chamber  of  35  milimetres  (2*27  in.)  interior  diameter,  surmounted 
by  a  proper  level  and  sight.  By  means  of  Muybridge's,  Janssen^s  or 
other  contrivances  for  taking  instantaneous  pictures,  he  thinks  that  small 
views  might  be  easily  taken  which  could  be  subsequently  enlarged- 
He  also  proposes  a  photc^raphic  revolver  for  taking  a  series  of  suc- 
cessive attitudes  at  a  single  operation. — La  Nature.  C. 

Montyon  Prize. — The  Corliss  engine  at  the  French  Exposition  of 
1878  consumed  only  one  kilogramme  (2*2  lbs.)  of  coal  per  horse-power 
poT*  hour.  A  similar  engine  of  700  horse-power,  constructed  by  M.. 
Farcot,  for  the  drainage  at  Asni^res,  consumes  only  six- tenths  as  much. 
M.  Tresca,  in  recommending,  on  behalf  of  the  committee  of  the  French 
Academy,  that  the  Montyon  prize  should  be  awarded  to  the  inventor 
of  this  engine,  stated  three  special  advantages  which  it  possessed :  a 
form  of  construction  which  establishes  a  great  firmness  between  the 
cylinder  and  the  chief  arbor,  with  the  least  consumption  of  material ;. 
the  separation  of  the  orifices  of  admission  and  emission,  to  the  great 
advantage  of  the  permanence  of  temperature  in  the  steam  at  its  entrance 
into  the  cylinder;  and  a  system  of  distribution  commanded  by  a 
central  platform  for  the  four  openings  by  means  of  springs  and 
cams,  which  secure  the  opening  and  closing  of  the  orifices.  While 
claiming  for  Cav^  the  principle  of  separation  between  the  orifices  and 
conduits  of  admission  and  escape,  the  committee  consider  that  Corliss'* 
applications  of  the  principle,  the  precision  of  action  and  the  economy 
of  his  engines  entitled  him  to  the  Montyon  prize  of  one  thousand 
francs,  and  the  Academy  awarded  the  prize  accordingly. — Comptes: 
Readvs.  C. 
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Molecular  Light. — In  continuing  his  researches  upon  "  the  fourth 
form  of  matter,"  Crooka  has  constructed  an  apparatus  by  the  aid  of 
which  a  great  heat  is  produced  when  the  focus  of  the  rays,  which  are 
^emitted  from  an  aluminium  cup,  is  deviated  laterally  by  means  of  a 
magnet  upon  the  walls  of  the  glass  tube.  By  making  use  of  a  mod- 
erately large  hemisphere,  and  causing  the  negative  focus  to  fall  upon  a 
piece  of  platinum-foil,  the  heat  is  raised  to  such  a  degree  that  the 
metal  melts. — Compies  Rendus.  C. 

Russian  Railway  Schools. — There  are  twelve  railway  schools 
in  Eussia.  '  The  programmes  include  religious  instruction,  the  Eussian 
language,  geography,  history,  mathematics,  physics,  mechanics,  the 
applications  of  engineering,  natural  science,  telegraphy,  book-keeping, 
drawing,  gymnastics  and  singing.  During  the  past  eight  years  instruc- 
tion has  been  given  to  4843  pupils,  of  ages  from  13  to  21.  The 
.schools  are  supported  by  the  railway  companies,  who  pay  an  annual 
•contribution  of  35  fr.  per  kilometre  [$11.26  per  mile]. — Ann.  des 
Fonts  et  Chauss.  C. 

Poison  Mushrooms. — Mr.  J.  A.  Palmer  has  a  paper  on  poison- 
ing by  mushrooms  in  the  Moniteur  Sdentijique.  He  states  that  there 
are  three  different  ways  in  which  mushrooms  may  act  as  a  poison. 
First,  they  may  produce  the  effects  of  indigestible  matter,  as  when  the 
hard  coriaceous  species  is  eaten ;  and  even  the  edible  mushroom  may 
<»use  a  similar  result,  for  when  it  is  decomposing  it  gives  off  sulphur- 
•etted  hydrogen  gas  in  quantity  sufficient  to  induce  vomiiting.  Second, 
mushrooms  may  be  gelatinous  or  acrid.  Third,  a  subtle  alkaloid, 
without  smell  or  taste,  is  contained  in  some  mushrooms,  as,  for  instance, 
in  the  group  of  the  Amanitse,  and  is  called  amanitin.  No  antidote  has 
yet  been  discovered  for  this  poison,  and  to  it  most  of  the  cases  of  death 
following  the  eating  of  mushrooms  is  due.  It  is  at  first  slow  in  its 
action,  but  after  the  lapse  of  eight  to  fifteen  hours,  the  patient  expe- 
riences stupefaction,  nausea  and  diarrhoea.  Delirium  follows,  and  then 
death.  Mushrooms  containing  amanitin  will  impart  poisonous  pro- 
perties to  wholesome  varieties,  if  both  happen  to  be  placed  in  the  same 
vessel.  The  poison  can  be  absorbed  by  the  pores  of  the  skin.  Mr. 
Palmer  carried  in  his  hand  some  amanitse  wrapped  up  in  paper,  and, 
notwithstanding  the  protection  which  the  wrapper  should  have  afforded, 
he  was  seized  with  alarming  symptoms. 
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Orig^  of  Springs. — M.  Zweifel  combats  the  idea  that  springs 
owe  their  origin  to  rain  water.  He  shows  by  the  observations  at  many 
important  stations  that  the  annual  evaporation  is  largely  in  excess  of 
the  annual  rainfall,  and  that  the  earth,  even  in  the  most  absorbent  soils, 
is  rarely  moistened  by  the  heaviest  showers  to  a  greater  depth  than  40 
or  50  centimetres  (15'75  to  19'69  in.).  Air,  however,  under  the  pres- 
sure of  fifteen  pounds  to  the  square  inch,  can  penetrate  to  much  greater 
depths,  and  if  we  suppose  that  the  saturation  of  the  subterraneous  air 
varies  in  the  same  manner  as  that  of  the  superficial  layers,  the  conden- 
sation of  its  vapor  may\account  for  all  subterranean  waters.  The  rapid 
increase  in  the  amount  of  precipitation  as  we  approach  the  earth's  sur- 
face lends  some  confirmation  to  these  views. — Bull,  de  la  Soc.  Indvst. 

C. 

Telephones  without  Diaphragms.  —  M.  Ader  reports  some 
experiments  confirmatory  of  the  views  of  Du  Moncel  upon  telephones 
without  diaphragms.  He  has  often  observed  that  iiie  reproduction  of 
words  and  sounds,  which  are  occasioned  by  the  interruption  of  cur- 
rents, can  be  made  with  these  telephones  with  a  different  quality  and 
upon  a  higher  or  lower  pitch,  according  to  the  degree  of  tension  which 
is  given  to  the  iron  wire ;  but  if  the  fundamental  sound  of  the  wire  is 
muffled  by  holding  it  between  the  fingers  the  sounds  which  are  repro- 
duced become  dull,  a  little  more  feeble,  and  always  in  the  same  tone. 
He  concludes  from  his  experiments  that  the  sounds  which  are  pro- 
duced by  a  magnetic  nucleus  are  probably  the  result  of  shortenings 
and  lengthenings  of  the  wire,  determined  by  rapid  magnetizing  and 
de-magnetizing. — Comptes  Rendus,  C 

Heraud's  New  Battery. — This  is  of  simple  construction  and  at 
the  same  time  constant.  The  liquid  used  to  excite  it  is  a  solution  of 
ammonium  chloride,  and  the  depolarizing  substance  employed  is  mer- 
curous  chloride  or  calomel.  In  presence  of  zinc  the  ammonium 
chloride  gives  zinc  chloride,  ammonia  and  hydrogen.  The  hydrogen 
reduces  the  mercurous  chloride,  yielding  metallic  mercury  and  hydro- 
chloric acid.  This  latter,  uniting  with  the  ammonia,  gives  ammonium 
chloride  again.  To  prevent  the  formation  of  zinc  oxyehloride  and  its 
deposition  on  the  zinc,  one-tenth  of  ammonia  solution  is  added  to  the 
solution  of  ammonium  chloride.  The  zinc  is  suspended  in  the  middle 
of  the  liquid,  and  the  carbon,  the  positive  electrode,  is  enclosed  in  a 
■canvas  bag.  After  working  on  a  closed  circuit  for  248  days,  the  cur- 
rent retained  two-thirds  of  its  original  strength.  C. 
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Acoustic  Figures. — M.  C.  Decharme  concludes  his  paper  upon 
the  acoustic  vibrations  of  liquids  by  showing  their  correspondence  with 
those  of  the  Chladni  plates.  By  experimenting  upon  circular  plate& 
alternately  with  sand  and  with  water,  he  finds  that  the  diametral,  the 
concentric,  and  the  compound  systems  are  all  equally  well  represented. 
The  position,  extent,  and  form  of  the  different  systems  of  peripheral 
internodes  and  the  eccentric  networks  of  different  orders  can  be  deter- 
mined numerically  beforehand  for  a  plate  of  given  dimensions.— 
— Comptes  Bendvs.  C. 

Adulteration  of  Tea. — ^The  adulteration  of  tea  is  as  old  as  the 
tea  trade  itself.  In  the  year  1783  the  quantity  of  counterfeited  tea 
which  was  imported  into  England  was  more  than  four  million  pounds, 
while  the  entire  supply  of  genuine  tea  which  was  brought  by  the  East 
India  Company  did  not  exceed  six  million  pounds.  The  adulterations 
are  of  four  kinds:  1,  mineral  substances  for  increasing  the  weight; 
2,  mineral  coloring  materials,  which  are  very  rare;  3,  organic  sub- 
stances for  increasing  the  weight  (these  generally  consist  of  leaves  of 
cheaper  plants) ;  4,  organic  coloring  matters  and  astringent  substances. 
— Dingier^ 8  Journal,  C. 

Colored  Photographs. — M.  Cros  prepares  three  photographic 
impressions  of  any  object  by  sifting  the  light  through  solutions  which 
will  respectively  arrest  the  green  rays,  the  yellow  rays,  and  the  violet 
rays.  The  impression  from  which  the  green  has  been  excluded,  if 
developed  under  green  light,  will  appear  intensely  green  at  points  where 
the  original  was  the  greenest,  and  pale  green  or  black  at  the  green 
points  where  the  green  was  mingled  with  other  colors  or  was  entirely 
absent.  By  combining  the  three  negatives,  and  superposing  the  ima- 
ges by  the  help  of  reflecting  prisms,  he  obtains  an  approximate  solu- 
tion of  the  fixation  of  colors  by  photography. — La  Nature,  C. 

Natural  Gelatinous  Silicate. — During  the  summer  of  1876,  in 
boring  a  small  tunnel,  six  kilometres  (3*73  miles)  east  of  Lausanne, 
the  workmen  found  a  gelatinous  substance  of  a  milky  whiteness,  resem- 
bling semi-liquid  starch  or  soft  fat.  The  unctuous  feeling  and  fatty 
appearance  of  the  substance  led  them  to  give  it  the  name  of  mineral 
lard.  Prof.  Renevier  has  lately  analyzed  some  specimens,  which  he 
finds  to  contain  about  four  parte  of  silex,  one  part  of  alumina,  one  part 
of  a  mixture  of  lime  magnesia  and  potash,  and  six  parte  of  water. 
The  elementary  proportions  are  almast  precisely  the  same  as  those  of 
gmelinite  and  chabasite,  minerals  which  have  hitherto  been  found  only 
in  a  crystalline  state. — BvlL  de  la  Soc.  Vaud,  C. 


Digitized  by 


Google 


June,  1879.J  Book  Notices.  425 

Martin's  Steering  Apparatus.— This  seems  to  be  very  nearly 
the  principle  of  the  air-brakes  on  railway  trains,  and  is  novel  in  the 
substitution  of  a  lever  for  the  wheel  and  in  the  means  of  applying  the 
steam  power.  This  lever  slides  from  side  to  side  on  a  curved  iron 
frame  and  is  attached  below  the  deck  to  a  long  rod,  which  in  turn 
works  a  three-way  valve.  As  the  lever  is  moved  it  turns  the  valve, 
admitting  steam  to  cylinders,  the  rudder  chains  being  attached  to  the 
pistons  working  in  these.  When  the  lever  is  vertical  steam  is  admitted 
equally  to  each,  and  the  pressure  is  of  course  the  same;  but  as  it  is 
moved,  a  percentage  of  steam  is  transferred  from  one  cylinder  to  the 
other,  either  way,  and  the  movement  is  so  simple  that  a  boy  can  readily 
regulate  the  whole  apparatus  for  a  large  steamer.  Under  the  present 
system  of  wheel  steering,  two,  three,  or  more  men,  all  travelers  across 
the  ocean  have  noticed,  pulling  at  the  wheel,  especially  in  rough 
weather.  Capt.  Martinis  invention  proposes  to  draw  the  steam  power 
from  the  ordinary  boilers  of  the  vessel,  and  in  practice  it  is  found  that 
the  rudder  can  be  moved  much  quicker  than  at  present,  which  is  a 
great  advantage,  especially  when  there  is  danger  from  collision.  With 
such  an  aid,  which  bids  fair  to  supplant  iiie  old  method — although 
that  will  be  of  course  at  hand  in  case  it  must  be  resorted  to  from  any 
accident — and  electric  lights  on  the  vessel,  its  path  across  the  great 
ocean  will  be  comparatively  as  free  from  danger  as  the  advanced  science 
of  the  day  can  possibly  make  it. 


Boot    Notices. 


An  Elementary  Course  of  Geometrical  Drawing.    By  Geo. 
L.  Vose,  A.M.     Boston :  Lee  &  Sheppard,  1878.    Oblong  4to. 

.  The  author  gives  a  number  of  the  more  important  problems  in 
plane  and  solid  geometrical  drawing.  He  recommends  a  teacher, 
that  the  pupil  may  avoid  falling  into  errors  which  are  so  hard  to  cor- 
rect later.  To  those  commencing  the  study  of  geometrical  drawing  it 
will  prove  a  very  good  collection  of  carefully  chosen  examples.  A 
short  explanation  of  the  projections  of  a  point  and  a  line,  as  well  as 
the  traces  of  a  plane,  in  various  positions,  would  have  made  the  book 
more  complete.  P. 
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Elements  of  Plane  and  Solid  Freehand  Geometrical  Draw- 
ing AND  SOME  Elements  of  Geometrical  Ornamental  De- 
sign. By  S.  E.  Warren,  C.  E.  New  York :  J.  Wiley  &  Sons, 
1878.     8vo. 

Professor  Warren's  books  on  descriptive  geometry  are  so  well  known 
and  so  universally  acknowledged  as  standard  works  that  anything 
coming  from  his  pen  will  be  sure  to  be  of  interest.  Both  pupil  and 
teacher  will  find  many  valuable  hints  in  this  little  book.  The  method 
of  describing  ovals  is  a  most  satisfactory  one,  as  it  enables  the  designer 
to  vary  the  shape  of  the  curve  almost  at  will.  It  is  of  particular 
value,  as  he  rightly  says,  being  a  natural  curve  of  intersection  and  not  an 
arbitrarily  assumed  series  of  circular  arcs  as  most  commonly  used.  His 
remarks  on  geometrical  symbolism  are  interesting  and  ingenious,  but 
would  scarcely  be  appreciated  by  many  of  those  who  might  study  the 
book  to  great  advantage.  P. 


Spon's  Encyclopedia  of  the  Industrial  Arts,  Manufactures 
.     AND  Commercial  Products.    Nos.  1,  2,  3.     (To  be  completed  in 
30  parts.)     London  and  New  York :  E.  &  F.  N.  Spon.     8vo. 

A  new  publication  of  this  kind  is  most  desirable,  as  many  new  pro- 
cesses have  been  brought  to  light  which  are  evidently  not  to  be  found 
in  similar  works  already  existing.  It  is  true,  many  of  these  have  yearly 
supplements,  which  are  evidently  great  additions,  but  after  a  given 
period  it  will  be  found  of  the  first  importance  to  republish  the  whole, 
and  to  place  the  novelties  where  they  justly  belong.  As  a  general 
thing  a  dictionary  of  arts  and  manufactures  gives  but  a  general  idea 
of  the  methods  adopted,  but  how  frequently  the  student  desires  details 
that  are  not  there  to  be  found,  and  we  are  glad  to  say  that  such  has  not 
been  the  case  with  Spon's  Industrial  Encyclopaedia.  In  part  1st,  for 
example,  we  notice  calculations  relating  to  the  draught  and  supply  of 
air,  etc.,  in  the  manufacture  of  sulphuric  acid,  the  importance  of  which 
is  as  great  as  the  temperature,  etc.;  the  steam  required,  the  manner  of 
regulating  the  same,  plans  and  sections  not  only  of  the  various  appa- 
ratus made  use  of,  but  also  in  many  cases  of  the  buildings,  showing 
their  general  arrangement.  The  subjects  have  been  written  by  various 
authors,  who  seem  to  have  been  very  well  versed  in  the  topics  dis- 
cussed. We  are  convinced  that  if  this  series  be  finished  as  commenced, 
it  will  be  most  valuable  to  those  interested  in  chemical  technology. 

W. 
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Tables  op  the  Principal  Speeds  occukring  in  Mechanical 
Engineering,  Expressed  in  Metres  in  a  Second.  By  P. 
Keerayeff,  Chief  Mechanic  of  the  Obourhoff  Steel  Works,  St.  Peters- 
burg. Translated  by  Lugius  Kern,  M.  E.,  St.  Petersburg.  Lon- 
don and  New  York:  E.  &  F.  N.  Spon.     16mo. 

"  This  very  curious  little  work  gives  an  indication  of  what  is  really  a 
desirable  collation  of  data  for  mechanical  engineers.  It  is  perhaps 
one-twentieth  or  so  of  the  current  information  as  to  "  speeds ''  needed 
for  general  reference ;  and  the  information  it  contains  is  hidden  by 
imperfect  translation,  by  the  use  of  metres  per  second  in  place  of  feet 
and  inches  per  minute,  and  by  acceptance  of  working  speeds  as  abso- 
lute, when  limits  of  speeds  much  above  or  far  below  those  quoted  are 
possible.  Besides  this  it  can  be  said  that  many  speeds  are  given  at 
rates  to  be  considered  rather  as  particular  examples  than  as  those  of 
good  practice.  B. 


Supplement  to  Spon's  Dictionary  of  Engineering  (Civil, 
Mechanical,  Military  and  Naval).  Parts  1,  2,  3.  To  be 
completed  in  15  monthly  parts. 

We  have  no  Engineering  Dictionary  which  is  better  known  and  has 
rendered  greater  service  than  the  main  work  to  which  these  three  parts 
and  those  to  come  will  form  a  supplement. 

Care  seems  to  have  been  taken,  in  many  cases,  to  complete  subjects 
heretofore  somewhat  neglected,  not  only  by  the  addition  of  new  devices, 
but  also  considerations  of  a  technical  nature  that  are  of  great  interest. 

We  notice  particularly  in  Part  I,  agricultural  implements  for  hand 
and  steam  ploughing,  etc.,  have  been  wisely  selected,  also  various 
machines  for  the  binding  and  reaping  combined  of  a  crop  of  wheat,  etc. 

In  Part  II,  we  take  pleasure  in  noticing  that  the  subject  of  belts  and 
belting  has  been  treated  in  a  lengthy  manner.  The  examples  given, 
we  are  glad  to  see,  are  mostly  American,  these  being  mainly  taken  from 
our  best  authority,  and  to  whom  much  credit  should  be  given;  but  we 
regret  to  state  that  the  initials  of  this  gentleman's  name  are  uot  correct, 
and  should  be  J.  H.  Cooper  and  not  T.  Cooper  as  quoted,  his  valuable 
papers  having  appeared  in  the  Journal  of  the  Franklin  Insti- 
tute. W. 


Digitized  by 


Google 


427  Proceedings,  etc.  [Jour.  Frank.  InsL, 

Franklin   Institute. 


Hall  of  the  Institute,  May  2l8t,  1879. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the 
President,  Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  106  members  and  40  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  last  meeting  29  persons  were  elected  members  of 
the  Institute,  and  reported  also  the  following  donations  to  the  Library : 

Specifications  and  Drawings  of  American  Patents,  for  December^ 
1878.  From  the  Patent  Office. 

Postal  and  Commercial  Intercourse  between  the  United  States  and 
Central  and  South  America,  Washington. 

From  the  Postmaster-General,  Washington. 

Direct  export  of  Iron,  Steel,  etc.,  from  Philadelphia  to  Foreign 
Countries  in  1878. 

Industries  of  Philadelphia,  as  shown  by  the  Manufacturing  Census 
of  1870.     By  L.  Blodget.     Philadelphia,  1877.     From  the  author. 

Laws  of  Patents  of  the  United  States.     1878. 

From  the  Patent  Office. 

Notes  sur  les  Paratonneres.     Par  M.  Melsens. 
L' Application  du  Rhe-electrometre  aux  Paratonneres  des  Tfelfegraphes, 
Par  M.  Melsens. 

Notice  sur  la  coup  de  Fondre  de  la  Grare  d'  Anvers  du  10  Juillet, 
1865.     Par  M.  Melsens. 

From  the  author,  member  of  Royale  Academy,  Belgium. 

Papers  read  before  the  Pi  Eta  Scientific  Society.  1878-79.  Renn- 
selaer  Polytechnic  Institute,  Troy,  New  York.     From  the  Institute. 

Annual  Statements  of  Chief  of  Bureau  of  Statistics  on  the  Com- 
merce and  Navigation  of  the  United  States  for  Fiscal  Year  ended 
June  30th,  1878.     Part  2 — Foreign  Commerce. 

Swedenborg's  Works  in  20  volumes. 

From  the  Am.  Swedenborg  Print.  &  Pub.  Soc.,  New  York. 

4.nnales  des  Ponts  et  Chaussees  from  1865  to  1870  inclusive.  January 
to  June,  1871 ;  March,  1873  ;  November  and  December,  1877 ;  Jan- 
uary to  September,  1878. 

Indexes.     1866—1876  in  2  parts. 

Etat  de  PEclairage  et  du  Balisage  des  cotes  de  France,  an  1  er  Jan- 
vier, 1872.     Paris. 

Legislation  Fran9aise  des  Chemins  de  fer  et  de  la  Telegraphic  Eleo- 
trique.     Par  M.  Cotelle.     Second  edition.     Vols.  1  and  2.     Paris. 
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Annales  des  Mines.  First  Series,  pd,rts  1-4.  Index  to  Third  Series. 
JFifth  Series,  parts  1-6 ;  Sixth  Series,  parts  1-6.   Index  to  Sixth  Series. 

Rupport  sur  V  Amelioration  Sanitaire  et  Agricole  de  la  Dombes, 
1859. 

La  Seine.  Etudes  hydrologiques  regime  de  la  pluie,  des  sources,  etc. 
Par  M.  Belgrand.     Paris,  1872.     2  volumes. 

Enquette  sur  les  moyens  d'  Assurer  la  Rfegularitfe  et  la  surete  de 
I'Exportation  sur  les  Chemins  de  fer.     Paris,  1858. 

Travaux  publics  des  Etats  Unis  d'Amerique  en  1870.  Par  M. 
Malfezieux.     Paris,  1873.     2  volumes. 

Question  des  Houilles.  Mission  de  M.  De  Ruolz  en  France  et  en 
Angletere.  Vols.  1  and  2,  text.  Vol.  3,  statistical  atlas.  Paris,  1872 — 
1875. 

Tramways  et  Chemins  de  fer  sur  routes.  Par  P.  Challot.  Paris, 
1878.  From  the  Minister  of  Public  Works,  France. 

Traite  des  Machines  k  vapeur.  Par  Bataille  et  Julien.  Paris, 
1847-49.     2  volumes.  From  Fredk.  Graff,  Paris. 

Annual  Reports  of  the  Various  Officers  and  Standing  Committees 
of  the  City  of  Allegheny  for  1878. 

From  James  Brown,  Comptroller. 

Betriebs-Einrichtungen  auf  Amerikanischen  Eisenbahnen,  etc.  Von 
H.  Bartels.     Part  1.  From  W.  Lorenz,  Philadelphia. 

Introduction  a  P Atlas  des  Monuments  de  la  Geographic.  Par  Feu 
M.  Jomard.     Paris,  1879.  From  the  author. 

Alamanaque  de  la  Gticetta  Industrial  para  1879. 

From  the  Gracetta. 

Memorial  Address  upon  the  Character  and  Public  Services  of  Mor- 
ton McMichael.     By  J.  W.  Forney.     Philadelphia,  1879. 

From  the  author. 

The  following  are  from  Mrs.  E.  K.  Williams,  Delaware  Co.,  Pa. : 
Slide  Valve  Practically  Considered.     By  N.  T.  Burgh.     Philadel- 
phia, 1867. 

Rudimentary  Treatise  on  the  Drainage  of  Towns  and  Buildings. 
JBy  G.  D.  Dempsey.     London. 

Brief  Treatise  on  United*  States  Patents.  By  H.  &  C.  Howson. 
Philadelphia. 

Treatise  on  Water  Works.     By  Samuel  Hughes.     London. 

Catechism  of  the  Steam  Engine.    By  John  Bourne.     New  York. 

Practical  Treatise  on  Heat.     By  Thomas  Box.     Philadelphia. 

Ordnance  Manual  for  use  of  the  Officers  of  the  U.  S.  Army. 
Second  edition.     Richmond. 
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Heat  Considered  as  a  Mode  of  Motion.  By  John  Tyndall.  New 
York. 

Appleton's  Dictionary  of  Machines,  Mechanics,  Engine-work  and 
Engineering,  in  2  volumes.     New  York. 

Dictionary  of  Arts,  Manufactures  and  Mines.  By  A.  Ure.  New 
York.     2  volumes. 

Report  of  the  Superintendent  of  Public  Instruction  of  the  Common- 
wealth of  Pennsylvania. 

Circuit  Court  of  United  States  for  the  Eastern  District  of  Penna* 
Locomotive  Engine  Safety  Truck  Co.  vs.  Pennsylvania  R.  R.  Co» 
Philadelphia,  1877. 

Physical  Geography  of  the  Sea.  By  M.  F.  Maury.  New  York 
and  London. 

Proceedings  of  the  American  Association  for  the  Advancement  of 
Science.     Vols.  21—26. 

Foundations  and  Concrete  Works.     By  E.  Dobson.     London. 

Strength  of  Materials.    By  William  Kent.     New  York. 

Chemical  Technology.     By  Dr.  F.  Knapp.    Vol.  2.     Philadelphia. 

Proceedings  of  Twenty-sixth  Annual  Meeting  of  Board  Supervising 
Inspectors  of  Steam  Vessels.     Washington. 

The  High-pressure  Steam  Engine.     By  Dr.  E.  Alban.     London. 

Locomotive  Engine,  and  Philadelphia's  share  in  its  Early  Improve- 
ments.    By  Joseph  Harrison,  Jr.     Philadelphia. 

Manual  of  Engineering,  Specifications  and  Contracts.  By  L.  M. 
Haupt.     Philadelphia. 

Papers  on  Iron  and  Steel.     By  D.  Mushet.     London. 

Reports  of  the  United  States  Commissioners  to  the  Paris  Universal 
Exposition,  1867.     By  W.  P.  Blake.     Washington. 

Report  on  the  Physiques  and  Hydraulics  of  the  Mississippi  Rivers. 
By  Humphreys  &  Abbott.     Philadelphia. 

The  following  are  from  the  Secretary  of  the  Interior : 
Report  upon  the  Yellowstone  National  Park  to  the  Secretary  of  the 
Interior.     By  P.  W.  Norris.     Washington. 

Reports  on  the  Methods  of  Surveying  the  Public  Domain  to  the 
Secretary  of  the  Interior.     By  J.  W.  Powell.     Washington. 

Report  on  the  Geographical  and  Geological  Survey  of  the  Rocky 
Mountain  Region.     By  J.  W.  Powell.     Washington. 

Preliminary  Report  of  the  Field  Work  of  the  U,  S.  Greological  and 
Geographical  Survey  of  the  Territories.     Washington. 
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Bulletin  of  the  U.  S.  Greological  and  Greographical  Survey  of  the 
Territories.     Vol.  4,  No.  4.     Washington. 

Birds  of  Colorado  Valley.  By  Elliott  Coues.  Part  1st.  Washing- 
ton, 1878. 

Chart  of  the  Geographical  and  Geological  Survey  of  the  Rocky 
Mountains.     J.  W.  Powell,  Geologist  in  charge. 

Report  of  the  Chief  of  the  Bureau  of  Statistics  on  Commerce  and 
Navigation,  1878.     Part  1 — Foreign  Commerce. 

From  the  Hon.  Charles  O'Neill,  M.  C,  Washington. 

Reports  of  the  Commissioner  of  Education  for  1870-71.  Washing- 
ton. 

Special  Report  on  Education  in  the  District  of  Columbia.  By  Henry 
Barnard.     Washington. 

Circulars  of  Information  of  the  Bureau  of  Education.  Nos.  1,  2, 
and  5  of  1873  ;  No.  2  of  1878,  and  No.  1  of  1879.     Washington. 

From  the  Commissioner  of  Education. 

2d  to  15th  Reports  of  the  Commissioners  of  Internal  Revenue. 
Washington. 

Reports  of  the  Secretary  of  the  Treasury  on  the  State  of  the  Finan- 
ces for  the  year  1858, 1860, 1864, 1866,  1867,  1870-72,  and  1874-75. 

Reports  of  the  Secretary  of  the  Treasury  on  Commerce  and  Navi- 
gation of  the  U.  S.  for  1852,  1857,  1859  and  1864. 

From  the  Secretary  of  the  Treasury. 

Reports  of  the  Commissioners  of  General  Lands  for  1871-75  and 

1877-78. 

Maps  of  States  of  Illinois,  Iowa,  Mississippi,  Missouri,  Arkansas, 
Michigan,  Indiana,  Alabama,  Ohio  and  Wisconsin. 

Catalogues  of  the  Publications  of  the  U.  S.  Geological  and  Geo- 
graphical Survey  of  Territories.     F.  V.  Hayden.     Washington. 

Bulletin  of  the  U.  S.  Entomological  Commission   No.  1.  Washington. 

Miscellaneous  Publications.  No.  1 — Lists  of  Elevations.  Wash- 
ington. From  the  Secretary  of  the  Interior. 

1st  to  5th  Reports  of  Major  C.  B.  Comstock  upon  the  Improve- 
ments of  the  South  Pass  of  the  Mississippi  River.     Washington. 

From  the  Chief  of  Engineers. 

Bulletin  de  la  Soci^te  Industrielle  de  Mulhouse.  No.  140,  1857  ; 
September,  1860;  November,  1861;  January  and  March,  1862; 
August,  1865  ;  July  and  August,  1872,  and  January,  1874. 

From  Mr.  Henry  Schlumberger,  Guebwiller,  Alsace,  Germany. 
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Third  to  Tenth  Annual  Reports  of  the  Provost  of  the  Peabodjr 
Institute  of  Baltimore. 

Discourse  on  Life  and  Character  of  George  Peabody.  By  S.  T. 
Wallis.     Baltimore. 

Proceedings  on  the  Announcement  of  the  Death  of  Hon.  John  P. 
Kennedy.     Baltimore. 

Address  of  the  President  and  Report  of  the  Treasurer  and  Provost 
to  Trustees  of  Peabody  Institute.     Baltimore. 

Peabody  Institute,  Baltimore.     The  Founders,  Letters,  etc. 

Peabody  Institute.     Academy  of  Music  and  Instructions. 

Annual  Report  of  the  Board  of  Commissioners  of  Public  Schools. 
Baltimore  From  P.  R.  Uhler,  Librarian  Peabody  Institute. 

Annual  Report  of  Board  of  Commissioners  of  Public  Schools. 

From  the  Commissioner. 

Charter  and  By-Laws — Commencement  Schools  of  Art  and  Design 
and  Book-keepmg — Maryland  Institute. 

From  the  Institute,  Baltimore. 

Mr.  Charles  H.  Roney  made  some  remarks  on  Bituminous  and 
Anthracite  coals,  coke,  etc.,  and  the  percentage  of  phosphorus  was 
exhibited  by  a  table  thrown  upon  the  screen.  He  also  read  a  letter  of 
Dr.  Charles  M.  Cresson  to  W.  E.  C.  Coxe,  Esq.,  relating  to  the  subject. 

Mr.  Outerbridge  explained  his  method  for  making  diagrams  for  the 
lantern  in  an  expeditious  way. 

The  Secretary's  report  embraced  Fleischmann's  Improved  Switch 
Faradic  Battery ;  Rappleye's  Automatic  Grovernor  Burner ;  Norcross' 
Furnace  Governor ;  Strohm's  Pipe  Cleaner ;  Automatic  Fruit  Evap- 
orator ;  Roney's  Improved  Electrical  Pencil ;  Electrical  Clock ;  Air- 
tight Refuse  Can ;  Sash  Opener  and  Closer,  and  the  Mackinnon  Foun- 
tain Pen,  the  iridium  ring  of  which  was  exhibited  with  the  micro- 
megascope  on  the  screen. 

Mr.  Bingham  explained  his  pantographic  chart  for  the  lantern,  which 
is  beautifully  colored,  and  well  adapted  to  give  a  clear  idea  of  the 
various  geological  periods,  and  the  life  which  existed  in  those  times. 

The  Secretary  read  a  few  remarks  on  Cowper's  Writing  Telegraph, 
Electric  Lighting,  and  Practical  Education. 

On  motion,  the  meeting  adjourned. 

Isaac  Norris,  M.D.,  Secretary  pro  tern. 
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XITOHEN  BOIIiEP.  —  Tbe  Kitchen 
Boiler  and  Water  Pipe?.  A  few  words  on 
their  arrangement  and  management;  more 
especially  their  treatment  daring  frost,  and 
how  to  avoid  explosions.  By  H.  Grimshaw, 
F.C.8.     8vo,  paper,  40  cents. 

OOBI1I88  ENOINE.-Corliss  Engine  and 
Allied  Steam  Motors  working  with  and  with- 
out Automa  ic  Variable  Expansion-gear  in- 
cludinv  the  latest  most  improved  Engine 
Designs  of  all  Countries,  witn  special  refer- 
ence to  the  Steam  Engines  of  the  Paris 
International  Exhibition  of  1878.  For  En- 
ginders,  Machinists,  Steam  Us^rs  and  Kn- 
«ineering  Colleges.  Translated  from  W.  H. 
tJhland's  work,  by  A.Tolhausen,  Jr.,  C  E.  In 
folio  and  4to.    Beady  shortly. 

BCUCNOE  IK'DEX.—The  Science  Index. 
A  Monthly  Guide  to  the  Contents  of  Scien- 
tific Periodicals.  Consisting  of  a  Classified 
Alphabetical  List  of  the  titles  and  authors 
(ii  known)  of  articles  of  scientific  or  tech- 
nical interest  that  have  appeared  in  periodi- 
cals during  the  previous  month.  Each  issue 
will  oompriee  about  60  quarto  pages.  It  will 
be  sold  only  by  subscription,  payable  in  ad- 
vance.   Price  per  annum  $5.00. 

STISEIi.— A  Treatise  on  Steel:  Its  History, 
Manufacture  and  Uses.  By  J.  S.  Jeans,  Sec. 
of  the  Iron  and  Steel  Institute.  In  one  large 
volume,  8vo,  with  numerous  plates  and  wood- 
cuts.   Ready  shortly, 

TFABIilCS  OF  BFICEDS.-Tables  of  the 
Principal  Speeds  occurring  in  Mechanical 
Engineering,  expressed  in  Metres,  in  a 
Second.  By  P.  K:eeray«*ff.  Translated  by 
Sergius  Kern,  M.E.    18mo,  paper,  20  cents. 

SliAT.'-A  PracCical  Treatisa  on  Heat,  as 
applied  to  the  Useful  Arts,  for  the  use  of 
Engineers,  Architects,  etc.  By  Thomas 
Box.  Second  Edition.  Plates.  8vo,  cloth,  $5.00. 

</OAIi.— A  Practical  Treatise  on  Coal  Mining. 
By  George  G.  Andr6,  F.G.8.  Complete  in  two 
volumes,  royai  4to,  cloth,  containing  550 
pages  of  letter-uress  and  84  plates  of  practi- 
caldrawings.    Price, $28.00. ' 

-GIBDEB-MAKINO  and  the  Practice  of 
Bridge  Building  in  Wrought  Iron.  By  E. 
Hutchinson,  M.I.M.E.    8vo,  14.25. 


MINING  MAOHINEKY.-A  Descrip- 
tive Treatise  on  the  Machinery,  Tools  and 
Other  Appliances  used  in  Mining.  By  G.  G. 
Andr6,  F.G.S.  In  twelve  monthly  parts,  royal 
4to,  uniform  with  the  Author's  TreaUse  on  Goal 
Mining,  and  when  complete  wiU  contain  about 
160  IKatei  accurately  drawn  to  scale,  with  (2e* 
scriptive  text.    Hach  part,  price,  $2  00. 

STEAM  ENGINE.— A  Practical  Treatise 
on  the  Steam  Engme,  contMining  Plans  and 
Arrangements  of  J)etail8  for  fixed  Steam 
Engines,  wilt>  Eseaye  on  the  Principles  in- 
volved in  resign  and  Construction.  By 
Arthur  RIgg.  Two  hundrfd  diagrams,  drawn 
on  a  scale  sufficiently  large  to  be  readily  intelli- 
gible, embellish  the  text;  and  ninety-six  litho- 
graphed plates,  containing  some  hundreds  of 
illustrations,  give  a  series  of  examples  which  emr 
body  most  that  is  new  o«d  admirable  in  the 
practice  of  modem  Engineers.  In  one  volume, 
demy  4to,  handsomely  bound  in  half-moroc- 
co, $17.00.  Also  in  Twelve  Parts,  price,  $1.26 
each. 

GAS  MANTTFAOTUBE.— A  Practical 
Treatise  on  the  Manufacture  and  Distribution 
of  Coal  Gas.  By  Wm.  Richards.  Numerous 
wood  engravings  and  large  plates.  Dtmy  4to 
cto<A,  $12.00. 

W^OBKSHOP  BEOBIPTS,  for  the  use 
V  of  Manufacturers,.  Mechanics  and  Scientific 

Amateurs.    By  Ernest   Spon.      Crown   8vo, 

cloth,  with  illustrations,  $2. 

OBNAMENTAIi  PENMAN'S,  En- 
graver's Sign  Writer's,  and  Stone  Cutter^s 
Pocket-Book  of  Alphabets.  —  Including 
Church  Text,  Egyptian,  Egyptian  Perspec- 
tive, French,  French  Antique,  French  Re- 
naiosance.  German  Text,  Italic,  Italic  Shaded, 
Italic  Hairline,  Monograms,  Old  English, 
Old  Roman,  Open  Roman,  Open  Stone,  Orna- 
mental, Roman,  Latin,  Rustic,  Tuscan,  etc. 
Oblong  82  mo,  20  cents. 

POCKET-BOOK  FOB    CHEMISTS^ 

Chemical  Manufacturers,  Mftallurgists, 
Dyers,  Distillers,  Brewern,  Sugar  Refiners, 
Photographers,  Students,  etc.  By  Thoe. 
Bayley.  In  con\enient  form  for  easy  refer 
enoe,  5  in.  by  3  in.,  and  1  in.  thick,  contain- 
ing 421  pages,  bound  in  roan,  $2.00. 


j^Descriptive  Catalogue  of  our  Publicatious  sent  free  by  mail  on  application. 


E.  &c  IB".  IsT.  SI=^01sr, 


446  Broome  St.. 

if  ar.  79, 1  yr. 


Ne^w  York. 
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WM.  SELLERS  &  CO. 


Mamiit&m  street, 

PHILADELPHIA. 


Engineei^  and  Machinists. 

jVIANUFACTURERg  Of 

MffllMFflRfilllliiM, 

Of  Improved  and  Patented  Designs , 

Convenient,  i^niek,  a^nd 

Sconomica.!  in  Opei*a.tion» 

BAItWAY  TUnW  TABUS, 

PIVOT    BRIDQES,   ETC. 


SHAFT1N8  AND  MILL  aEARINQ. 


Improved  Injector  Boiler  Feeders, 

OPERATED  BY  A  SINGLE  MOTION  OF  A  LEVER. 


Specifications,  Photographs  and  Pamphlets  sent 
to  any  address  on  application. 


Jan.  79, 1  yr. 
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THE  BOYDEN   PREMIUM. 


UmAH  A.  BOYDEN,  ESQ.,  of  Boston,  Mass.,  las  deposited  with  the  Frankli» 
Inttitiite  the  snm  of  one  thousand  dollars,  to  be  awarded  as  a  pretniam  to 


"Any  resident  of  Korth  America  who  shall  detormine  by  ezperiment 

whether  all  raji  of  light,  and  other  ph^'sical  raji,  are  or  are 

not  transmitted  with  the  same  Telocity." 

The  following  conditions  have  been  established  for  the  award  of  thi» 
preminm : 

1.  Any  resident  of  North  America,  or  of  the  West  India  Islands,  may  be  a 
competitor  for  the  premium ;  the  southern  boundary  of  Mexico  being  consid- 
ered as  the  southern  limit  of  North  America. 

2.  Each  competitor  must  transmit  to  the  Secretary  of  the  Franklin  Institate 
a  memoir,  describing  in  detail  the  apparatus,  the  made  of  experimenting,  and 
the  results ;  and  all  memoirs  received  by  him  before  the  first  day  of  January 

one  thousand' eight  hundred  and  eighty,  will,  as  soon  as  possible  after  this  date^ 

be  transmitted  to  the  Committee  of  Judges. 

3.  The  Board  of  Managers  of  the  Franklin  Institute  shall,  before  the  first 
day  of  January,  one  thousand  eight  hundred  and  eighty-one  select  three 
citisens  of  the  United  States,  of  competent  scientific  abUity,  to  wnom  the* 
memoir  shall  be  referred ;  and  the  said  Judges  shall  examine  the  memoirs  and 
report  to  the  Franklin  Institute  whether,  in  their  opinion,  and,  if  so,  which  of 
their  memoirs  is  worthy  of  the  premium.  And,  on  their  report,  the  Franklia 
Institute  shall  decide  whether  the  premium  shall  be  awarded  as  recommended 
by  the  Judges. 

4.  Every  memoir  shall  be  anonymous,  but  shall  contam  some  motto  or  siga 
by  which  it  can  be  recognized  and  designated,  and  shall  be  accompanied  by  a. 
sealed  envelope,  endorsed  on  the  outside  with  same  motto  or  sign,  and  con- 
taining the  name  and  address  of  the  author  of  the  memoir.  It  shall  be  the 
duty  of  the  Secretary  of  the  Franklin  Institute  to  keep  these  envelopes  securely 
and  unopened  until  the  Judges  shall  have  finished  their  examination;  when, 
should  the  Judges  be  of  opinion  that  any  one  of  the  memoirs  is  worthy  of  the 
premium,  the  corresponding  envelope  shall  be  opened,  and  the  name  of  the 
aathor  communicated  to  the  Institute. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments  described" 
in  any  of  the  memoirs  to  be  repeated  in  their  presence. 

6.  The  memoirs  presented  for  the  premium  shall  become  the  property  of  th# 
Franklin  Institute,  and  shall  be  published  as  it  may  direct 

Jan. '70, 1  yr.  Digitized  by  VjOOQ IC 
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JESSUP  <fe  MQORE, 

TAFEB  MANUEACTTTBEBS 

Oflle«0  and  Warehouses : 

TSTo.  27  NOBTH  SIXTH  ST.,  PHILADELPHIA, 

AVD 

128  WILLIAM  ST.,  NSW  YOBK. 
Haye  on  hand  and  make  to  order  at  short  notice,  News  and  Book  Printing 
Paper,  all  qualities  and  sizes.    Codorus  Mill  Writing  Papers,  Manilla  Papers. 
Importers  of  Chemicals  and  Feltings.     Dealers  in  Paper  Makers'  Materia^  of 
•«very  description.    Gash  Market  J^icea  paid  lor  all  kinds  of  Paper  Stock. 

,.  •      .        .  .     . Feb.  Tg,  1  yr. 

JACOB  NAYLOR, 

Successor  to  HUNSWORTH  k  NAYLOR, 

GIRARD  AVE.   AND   FRONT  STREE-p 
PHILADELPHIA. 


STEAM  ENeiNES,  BOILERS  AND  TANKS, 

Shafting  and  Glaring,  Couplings,  Pulleys  and  Hangers. 

STEAM  AND  HAND  CRANES. 

Passenger  and  Freight  Hoisting  Maohinery  for  Stores  &  Faotories, 

Marble  Sawing  and  Polishing  Machinery  of  all   Kinds, 

SPECIAL  MACHINERY  AND  FIXTURES  FOR  SOAP  MANUFACTURERS, 
Retorts,  Meters,  Stills,  &c.,for  Chemists. 

Sugar  Boilers,  Tanks  and  Machinery.    Castings  in  green  sand  or  Loam,  and 
Machinery  in  general. 

Vr.  'W..TUPPBB  &  OO'B  PATENT  OBATBB  AND   OBATS  BAB8. 

aiDBR'S  PilTBNT  AUTOMATIC  CUT-OFF  ENGINB.  either  Yerti«al  or  Horisontal 

Jan.  *79,lyr. 


NOISE-QUIETING    NOZZLES. 

FOE  SAFETY  VALVES,  VACgUM  BEAKESj  &o. 

Quiets  aU  the   Ohjectionahle  Noise  from  Pop    Valves  and 
Ordinary  Safety  ViUves. 

SHAW*8   NOZZLES   FOR   LOCOMOTIVE  SMOKE-STACKS  arrest  Sparks  without  aar 
^reen  wnaterer.    Address  the  Patentee, 

jan.'7»,iyr.  T.  SHAW,  915  Ridge  Avenue. 
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FOR 

PRACTICAL  &  ANALYTICAL  CHEMISTRY. 

CHANT  STREET,  TENTH  STREET,  BELOW  MARKET.  PHILADELPHIA, 
(Rear  of  St  Stephen*!  Church.) 

Instraotlon   given    in  CHEMISTRY,  MINERALOGY    and    GEOLOGY,   by  LECTURES    and 

PRACTICE,  with  especial  reference  to  ANALYSIS,  MANUFACTURES  and  MEDICINE. 

Analyses  made  of  Ores,  Minerals,  Guanoo,  Waters,  and  articles  of  commerce  and  manufacture. 

Opinions  givea  on  chemical  questions. 

Jamss  C.  Booth, 

Thos.  H.  GAaaiTT.  BOOTH,    GARRETT    A    BLAIR. 

Andbiw  a.  Blair.  Jan. '79, 1  yr. 

AMERICAN  JOURNAL  OF  MATHEMATICS. 

PUBLISHED  TJKDEB  TEE  AUSPICES  OF  THE  JOHNS  HOPQNS  TTKIVEBSIT7. 

In  yolumen  of  about  384  quarto  pages,  comprising. four  numbers,  issued  quarterly.  Second 
Tolume  publiahed  the  present  year. 

Its  primary  object  is  tiie  publication  of  original  inrestigations ;  systematic  bibliographiea 
and  brief  expogitions  of  modern  methods  will  also  be  given. 

Editor-in-€fftu/^  J.  J.  STLTssTBa;  AuoeiaU  MdUor-in-Charffe,  Willum  E.  Stort,;  with  the 
oo-operation  of  Simon  Nkwcomb,  of  Washington,  H.  A.  Niwton,  of  New  Haven,  and  H.  A.  Rowland, 
of  Baltimore. 

Snbsoription  Prioe»  $5.00  per  Yolame ;    Single  Nnmbersi  $1.60. 
Address  WM.  E.  STORY,  Johns  Hopkins  University,  Baltimore,  Md. 

Jan.  '79, 1  yr- 

patehtts 

FOR  INVENTIONS,  TRADE  MARKS,  COPYRIGHTS;  &c., 

procured  promptly  and  on  reasonable  terms.     Advice  free.      Call  or 
send  for  a  Book  of  iDStructions. 

JOHN  A.  WIEDER8HEIM, 

No.  1]0  South  Fourth  St.,  Philadelphia. 

Feb.  TS, «  mo.  ' "^ 


A.  F.  FLEISCHMANN, 

MAl^UTACTUBEB  OF 

ELECTBC-VEDI-  L  AFPABATUS,  BU&SLAB  ALABkS,  SIWAL  BELLS, 
BiTTEB?  SUFPUES,  VOSELS,  BBASS  WOBS,  etc , 

No.  502  Arch  Street,  Philadelphia,  Pa. 

OBDEBS  AND  BEFAIBIHG  PBOHPTLT  EXECUTED. 

April,  •«,  1  yr. 
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VAN  NOSTRAND'S 

ENGINEERING    MAGAZINE 

COMMENCED  JANUARY,  1869, 

PVBUSBES  ON  TBI  ISth  OP  EACB  XONTB,  AT  $5.00  PZB  TEAS. 

Oonsists  of  original  contributions  on  all  branches  of  Engineering  Rcience,  and  selected  articles 
from  the  leading  ForeiKn  JournalH. 

It  is  defligned  that  each  number  shall  contain  raluable  papers  relative  to  the  different 
departments  of  engineering  labor.  Space  will  be  given  to  short  di'«cussions  or  elucidations  of 
important  formulse.  especially  su'^h  as  have  proved  valuable  in  the  practice  of  ihe  working 
engineer.    Our  facilltien  for  affording  such  Items  are  extensive  and  increasing. 

The  original  oo3tributions  hereafter  will  form  the  most  prominent  feature,  but  articles 
selected  and  condensed  from  the  English,  Prenth,  Qerman  and  Austrian  engineering  periodi- 
cals will  continue  to  occupy  a  position  as  before,  and  will  contribute  to  make  this  Magaiine 
Taluable  to  the  engineering  profession,  too  valuable,  in  fact,  for  any  of  our  leading  engineers  to 
be  without. 

It  will  continue  to  occupy  the  same  high  position  in  this  respect  that  it  took  flrom  its  com- 
mencement. 


4^  Cloth  covers  for  Volumes  I.  to  XIX.  inclusive,  elegantly  stamped  in  gilt,  will  be  ftir- 
nisbed  by  the  publisher,  for  fifty  cents  each. 

If  the  ba'^k  numbers  be  f*ent,  the  volumes  will  be  bound  neatly  in  black  cloth  and  lettered 
for  seventy  five  cents  each.    The  expense  of  carriage  must  be  borne  by  the  subscriber. 

NOTICE  TO  NEW  SUBSCRIBERS.— Persons  commencing  their  subscripiions 
with  the  Twentieth  volume  (Januaiy,  1879a  Hud  who  are  (ie«trous  of  possensing  the  work  from 
its  cnmmenoement,  will  be  supplied  with  Volumes  I.  to  XIX.  inclusive,  neatly  bonnd  m  cloth, 
for  $50.00,  in  half  morocco,  178.00. 

NOTICE  TO  CLUBS»— An  extra  copy  will  be  supplied  gratis  to  every  Club  of  Five 
subscribers,  at  $S.OO  each,  sent  In  one  remittance.  •  Jan.  *79, 1  yr. 

H06PES  &  TOWNSEND 

MANUFACTURE 

MaehinSf  Car  and  Srid^e  SolU^ 

OOLS  FTTNOBED  8QUABE  ANS  HZZAOON  NUTS, 

PLOW  BOLTS,  PATCH  BOLTS, 

BOLT  ENDS,  TRACK  BOLTS, 

WOOD  SCREWS,  WASHERS, 

TANK  RIVETS,  BRIDGE  RODS, 

RODS  AND  BOLTS  VOB  BUILDmcS. 

"K:EYSTo:NrE"  boiler  rivets, 

OFFICE  AND  WORKS, 

Ko.  1330  Buttonwood  Street,  Fluladelphia. 

Jnly.TMyr. 
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DR.  JAMES  QLASS, 

Manufacturer  of  Electrical  Appliances,  Galvanic  Batteries, 

Electrb-Magnetic  Machines  of  superior  workmanshij). 

Supplies  Telephones,  Burglar  Alarms,  Annunciators,  Signal 

and  Call  Bells.      iUl  kinds  of  Covered  Wire 

on  hand  and  made  to  order. 

ADDRESS,  1413  OHESTNUT  ST.,  PHILADELPHIA. 

REPAIRING  PROMPTLY  ATTENDED  TO. 

Apl.  *79, 6  mo. 


EDMUND  DRAPER, 

XAMUFACTUfiSB  OF  rXfiST-CLASfi 

ENGINEERS'  ft  SURVEYORS' 

INSTRUMENTS, 

No.  226  Pear  Street,  Philadelphia. 

ESTABLISaBD  IN  1830. 

Apl.  Tt,  1  yr. 

C.  H.   JL.YONS, 

MACHINIST, 

816  &  818,  Filbert  St.,  Philadeljihia. 

Special  attention  given  to  Fitting  up  or  Removing  Printing 
Ottlces,  Repairing  Adams,  Cylinder  and  Job  Pressels. 

PATENTED  AND  EXPERIMENTAL  MACHINERY  MADE  WITH  CARE. 
MACHINE  JOBBING  PROMPTLY  ATTENDED  TO. 

^ May«  *79, 1  yr. 

JL.   SOI3:-V7"EI3Sr:FTJI2;T, 

No.  435  North  Tenth  St.,  Philadelphia,  Pa., 

MANUFACTURER   OP 

PATENT    SPRING     HINGES, 

For  Show  Cases  and  Screen  Doorr,  Locks,  and  articles  of  !ron,  Brass,  Bronze,  4?c. 

^0018,  Models,  Patteras,  Show  Oase  and  Window  Stands  Made.   Brass  Finishing 
and  Nickel  Plating,  Looksmithing  and  Bell  Hanging. 
Speaking  Tubas  put  np.    Bepairing  promptly  attended  to.  June,  tv. 
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HaU  of  the  FRANKLIN  INSTITOTE, 

Philadelphia,  March  12th,  1879. 

Notice  is  hereby  given  that  the  Frankjin  Institute  of  the  State  of  Pennsylvania 
has  under  consideration,  in  accordance  with  the  recommendation  of  its  Conmiittee  on 
Science  and  the  Arts,  the  conferring  of  the  ELLIOTT  CKESSON  GOLD  MEDAL 
on  NoRBERT  DE  Landtsheer,  of  Paris,  France,  for  his  machine  for  treating  Flax^ 
Hemp,  etc.  Any  objection  to  the  proposed  award  can  be  communicated  to  the  Actuary 
of  the  Institute  within  three  months  of  the  date  of  this  notice. 

D.  S.  HOLMAN,  Acjtuary. 


WANTED! 

The  following  numbers  of  the  JOURNAL  OF  THE  FRANKLIN  INSTITUTE. 
A  liberal  price  will  be  paid  for  any  of  them  viz. : 

January,  1826.  April,  1868. 

February,  1826.  June  1868. 

April,  1826.  August,  1868. 

June,  1826.  September,  1868. 

July,  1828.  October,  1868. 

September,  1826.  January,  1869. 

December,  1826.  February,  1870. 

January,  1827.  March,  1874. 

April,  1867.  April,  1876, 

January,  1868.  December,  1878- 

February,  1868. 

Addre88  LIBRAEIAN  OF  PBANKLIN  INSTITUTE. 


Digitized  by 


Google 


"THE  BEST  LITER/ITURE  OF  THE  DAY."-^«^  y-*^««. 


TH£  OBBATSST  ULTINO  AITTHOBS,  tuch  M 


Prof.  Max  Mulleb, 

RU  Hon.  W.  E.  Gladstonb, 

James  Anthony  Fboudb, 

Prof.  HuxleV, 

Richard  A.  Pboctob, 

Prof.  GoLDWiN  Smith, 

Edward  A.  Fbxemak, 

Prof.  Tyndall, 

Dr.  W.  B.  CARPEirrEB, 

FBANCZ8  POWEB  COBBB, 


THB  DUKB  of  ABGTLL( 

WiixiAM  Black, 
MI88  Thackebat, 
Mbs.  Muloch-Cbaik, 
Obobgb  MacDobald, 
Mbs.  Oliphant, 
Mbs.  Alexandeb, 
Jean  Ingelow, 
Julia  Katanagh, 
Thomas  Habdy, 


Hattrett  Abnold, 

j.  nobman  lockyeb, 

Peancis  W.  Newman, 

Alfred  Russell  Wallaoi* 

Henry  Eingsley, 

W.  W.Story, 

Ivan  Tubgubnief, 

RnsKiN, 

Tennyson, 

Browning, 
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and  maxiy  othen,  are  represented  in  tlie  pages  of 

LITTELUS  LIVING  AGE. 

n  1879,  Thb  Living  Age  enters  upon  Its  thirty-sixth  year,  admittedly  unrivalled  and  continuously  suo> 
IbL   A  'Weekly  Magazine,  of  sixty-four  pages,  it  gives  more  than 

doable^iolunm  octavo  pages  of  reading-matter  yearly,  forming  four  large  volumes.  It  presents  in  an  inezpen 
sive  form,  considering  Its  great  amount  of  matter,  with  freshness,  owing  to  its  weeKly  issue,  and  with  a 
Bati^cuiory  compUUneag  attempted  by  no  other  publication,  the  best  Essays,  Reviews,  Criticismn,  Tales, 
Slcetches  of  Travel  and  Discovery,  Poetry,  Scientifle,  Biographical,  Histoncal,  and  Political  Information, 
from  the  entire  body  of  Foreign  Periodical  Literature. 

During  the  coming  year.  Serial  and  Short  Stories  by  the  Most  Bminent  Foreign  Aathors  will  be 
jq;iveii,  together  with  an  amount 

la  the  world,  of  the  most  valuablo  Literary  and  Sclcntifio  matter  of  the  day  from  the  pens  of  the  foremost 
Essayists,  Scientists,  Critics,  Discoverers,  and  Editors,  above-named  and  many  others,  representing  every 
department  of  Knowledge  and  Progress 

The  importance  of  The  Living  Age  to  every  American  reader,  as  the  only  satisfactorily  fresh  and 
eomplete  compilation  of  a  generally  inaccessible  but  indispensable  current  literature,  ~<ndi«pen«a^^ 
becaoae  it  embraces  the  productions  or 

-nasi  /L-giTai?icnp  tjxvjlpjo-  T7crzunr3Dzi.s 

In  an  branches  of  Literature,  Science,  Art,  and  Politics,— is  sufficiently  indicated  by  the  following  recent 
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POBLISBBD  Weekly,  at  $8.00  a  year>Ws  ef  pottage. 
tltfib  of  five  new  subscribers. 


An  extra  copy  sent  grcUU  to  any  one  getting  np  a 


,. ^  - z"ozi.  xe-zo.-w 

^•'  All  new  subscribers  for  1879  will  receive  gratti  the  six  numbers  of  1878  containing,  with  other  valuablii 
lUtter,  the  first  parts  of  "Sir  Gibble,**  a  new  Serial  of  much  interest  by  GSORGB  MACDONAXrjL 
now  appearing  in  The  Living  Age  from  the  author's  advance  sheets.  Other  choice  new  serials  by  Ca^ 
tingalshed  authors  are  engaged  and  will  speedily  appear. 

CLUB  PRICES  FOR  THE  BEST  HOME  AND  FOREIGN  LITERATURE. 

p*  Possessed  of  *Littell'8  Livikg  Age'  and  of  one  or  other  of  our  vivacious  American  raonth'Jaa.a 
ffOwcriber  will  find  hhnself  <»  command  qfthe  whole  ettuation,*']—  Philadelphia  Evening  SuUetin. 

For  $10.60,  Thb  Lnmro  Age  and  either  one  of  the  four-dollar  monthly  Magazines  (or  ffarper^t  Weekig 
w  Sawar)  fWHl  he  960.1  for  myeaTt  with  postage  prepaid  on  both;  or,  for  $9.60,  The  Livinci  Aon  and  the 
Ai  JiieMatf  or  Appteton't  Journal^  both  postpaid, 

AmnM  lilTTELIi  &  GAT,  1 7  Bromfield  St^  Fjofiton. 

Jan.  '79, 1  yr. 


Digitizec  . 


THE    JOURNAL 


OF  THB 


FRANKLIN  INSTITUTE. 


Devoted  to  Soienoe  and  the  Ueohanio  Arts. 


The  JouBNAL  OF  THB  Franklin  Inbtitutb  is  issued  in  monthly  numbers, 
of  seventy-two  pages  each,  largely  illustrated,  forming  two  volumes  annually. 

Its  object  is  to  encourage  original  research,  and  disseminate  useful  knowledge 
in  all  matters  relating  to  the  practical  application  of  science,  but  more  espe- 
cially  to  engineering  and  the  mechanic  arts. 

The  number  for  December,  1878,  completed  the  one  hundred  and  sixth  vol- 
ume of  the  JouBiTAL,  and  closed  the  fifty-third^  year  of  its  existence^  and  its 
next  volume  has  commenced  under  very  favorable  auspices. 

Under  the  direction  of  the  Committee  on  Publication,  with  its»list  ef  able 
scientists  and  engineers,  as  contributors,  largely  increased,  and  with  the  fact 
that  it  is  the  only  Technological  Journal  published  in  the  United  States  without 
any  private  pecuniary  interest,  sufficient  assurance  is  given  tiiat  it  will  main- 
tain its  high  position  as  a  leading  organ  of  technology  and  a  sumdard  woiic  of 
reference. 

Beside  a- great  variety  of  matter  of  general  interest,  the  Joubhal  contains  the 
proceedings  of  the  meetings,  and  has  contributed  in  a  very  large  degree  to  the 
usefulness  of  the  Institute,  which  should  especially  commend  it  to  the  support 
of  the  members. 

The  Committee  on  Publication  are  desirous  of  increasing  its  circulation, 
being  fully  assured  that  it  will  more  than  repay  the  small  outlay  required  to 
secure  it. 

As  the  JouBNAL  circulates  extensively  among  scientific  men,  engineers  and 
manufacturers,  advertisers  will  find  it  to  tiieir  advantage  to  avail  themselves  of 
its  advertising  columns. 


STJBSCBIFTIOK    FBICE8. 


T^Keml 


•S.00  per  Tear. 
5.00  per  Tear- 


Steele  Copies, 
Biugi^  Copies, 


\ 


BATES   OF  ADVEBTISIKG(. 


1  Yeas. 
#60.00 
S2.00 
18.00 


6  MOVTHS. 

M9.00 
1S.00 
14.00 


8  MOKTHS. 

18.00 
14.00 
10.00 


1  Month. 

6.00 
4.00 


1  PA«K, 

H      " 

\    Communications  for  the  Jousnal  and  business  letters  should  be  addressed  to  the 
g^3cretary  of  the  Franklin  Institute,  Philadelphia,  Pa. 
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